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ABSTRACT 



One^i^f a series of training manuals prepared for 
enlisted personnel in the Navy and Naval ^Reserve who are studying for 
•advancement in, the\Aviaticn Electrician's Mate (AE) rating, this text 
is based upon the Navy's professional occupational standards for AEI 
and AEC. Contents include a 10-chapter text followed by a subject 
i.ndex and the associated nonresident career course ij^eight reading 
assigpinents and technical questions based upon each occupational ' 
standard in the . respective assignment). Becommeuded use includes. 
' individual preparation for advancement examinations as well as /. 
everyday on-the-job training, 'Chapter headings are (1) Aviation- \^ 
Electrician's Mate Rating^ (2) Supply and Publications, ' (3) Aircrd^ft 
Electrical C<5Dtrol and Distribution, Air Dat'a Computer Systelis, 

(5) A.ttitude/Heading Reference bombing Computer Systems, (6) Jnertial 
Navigation, (7) Automatic Flight Control System^ (8) Power Plant and', 
Aircraft Environmental Systems, (9) Maintenance Techniques, and (10) , 
Test Equipment. The appendix includes th€ O.S. customary and metric 
system units of 'measurement. (HD) ^ ^ 
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erials not available from other soiixces, EBIC make's, every effort 
obtain the best copy available. Nevertheless, 'Items of marginal 
roducibility ar^ often encountered an-d this affects the quality 
the -microfiche and hardcopy reproductions EBIC makes av\ilable 
the ERIC Document Reproduction Service (EDBS) . EDBS is not 
ponsible for 1;he quality of the original dooument. Be productions * 
plied by EDBS ar.e the best that can^be madPe from the original* * 



PREFACE 



This Rate> Training Manual is "one pf a series of tmining manuals prepare^^ 
for enlisted personnel of the* Navy^ and Navat Reserve who are studying for 
^. . advancement in-the Aviation Electrician's Mate (AE) rating. As indicated by 
, the title, this manual^is based upon the prbfessionai^occupational standards 

for AE land AEC;' . " 

^ '^l, . The aissociated AE l&C nonresident career course is included as the last 
* . . * section oJLtJiis manual. Prec^^ing the nonresident' career course is a listing of . 
the occupational /standards for AEl and A5C\whfch^ cross-references the 
ocdupational standards to- the assigfiments in the nonresident career course. 
Technical questions based upon each occupational standard are provided in 
the indicated assignment. Full use of these study, aids will greatly assist the 
AEl AEC m preparing for the advancement examination. This manual 
^ and the attendant .nonresident career course are valuable aids .as review 

sources for those preparing for AECS and AVCM. Their use for Everyday 
on-the-job training is highly recommended. ' - 

This training manual was prepared by the Naval Education and Training 
Program Development Center, Pensacola, Florida, for the Chief of Naval 
Education and Training. Technical review of the manuscript was provided by 
personnel in AE schools, NATTC, Memphis, Tennessee, and variouV fleet 
activities. ' ; ' ) ' 
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THE UNITED ST ATiS NAVY 



GUARDIAN dF OUR GOUNtRY j 

The United States Navy is respprt^le ^ormainta^ cprttrol of the se^^ • 
and is a ready force on watch at home and ov^rs^as,?capab|e of strong I 
actipn to-preserve the peace or of instant offeti^ye action to win in war. - 

It is upon the mairttenance^pf this control that^our country's gidrious 
future depends; the^nitied States Nayy exists to make^it so, - . 

WE SERYE WITH HOr^OR 

Tradition, valor, andl. victory are the'Navy's heritage from the' past- to 
these may be added dedication, discipline, and vigilance as the wfitchwords 
of the present and the future. ^ 

At home or on distant stations we ;^erve with pride., Gorrfident in the re;s^ect 
of our country, our shipm^tes, and our families. ' 

Our res0onsibilities sober u<i: our adversities strengtheaus. • ; ; 

Service to God and Country is our special privilege. We serve Wrth^hono.r? 



-J 



THE FUTURE OF THE NAVY 

The Navy, will always employ new weapons.' new tec&nfques. aricjl** 
greater po^er to protect and defend the United States on the sea, tinder 
the sea, and in the air. ' j? ' ^ 

Now and in the future,^ control^df the sea gives the.4Jnited S©t§s hef 
.greatest advantage for the maintenance of peace and for victory jn war ' 

Mobility, sufpri^e, dispersal, and offensive power are the keynotes of 
the new Navy. The ^^oots of the Navy lie in a strong belief \h thje ' ^ 
futurp,' in continued dedication to our tasks, and inV6fl6ction on bur , 
heritage from the past. V 

Never have our opportunities and our responsibilities beep greater. 
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CHAPTER 1 



AVIATION ELECTRICIAN'S AAATE RATING 



Navy training is. changing in several Ways. 
For example, it is becoming more and more 
individualized, a change brought about by the 
introduction , of scores^ of programmed 
instruction courses and a few audio/visual 
courses. These types of courses permit a student 
to choose his medium pf instruction and to 
proceed at his own pace (self-paced insfi^ction). 
Then too, all future instructional material must 
be job related and "system-designed;" that is, it 
must teach the trainee to do a task, and it jpust 
follow a specific pattern, including defining the 
need, . planning, developing, and evaluating the 
course. Thus all elements required for a 
complete course will \^ included in' each unit. 
Training for men and women ^in maay ratings 
will be^lanned from the time they enter the 
Navy until they retire. The objective is to^'u^e all 
the' training given and eliminate the 
"over-training" prevalent in the past. Many, if 
not all, "A" schoolsT will be reduced m length; , 
some other* schools will be eliminated. 
Consequently, more training must be -done 
aboard the ship or station. To expedite onboard^ 
training, a great many "onboard training 
' packages" will be produced. * ^ 

This training manual is designed to aid the 
AE2 in' preparing for advancement tp AEl, and 
the AEl in preparing for advancement to AEC. 
It is based primarily on the {Professional 
requirements for ^1 and AEC as specified in- 
ih^ Manual of QualifiQations for Advancement, 
.NAVPERS 18068 (Series). It should be kept \n 
mind that chants in the professional 
qualifications occurring after the , change^ , 8 
revision to the "Quals" manual may not be 
reflected in this rate training manual. - ' 

At the time of this writing, the name of the * 
Manual of Qualifications for Advancement "^ 



being changed' to Manual of Navy Enlisted 
Manpower and Personnel Classifications and 
Occupational Standards, NAVPERS.l 8068. The 
ne>y occupational standards are discussed later in 
this chapter. In preparing to take the fleetwide 
advancement ^ej^amination, you should becoirie 
familiar with the applicable occupational 
standards as well as the other References listed iii^ 
Bibliography - for Advancement Study, 
NAVEDTRA 10052 (Series). 

In preparing this training manual, every 
effort has been made to cover professional^ 
..matters ^adequately and yet withiil reasonable 
bounds. It has been designed to give the 
prospective AeI or AEC a good working 
knowledge of all subjects covered b>^ the 
qualification standards. It includes new material 
required as a result of new eqfiipment. 

ENLISTEp RAH^G^tRtX^ 

The preserft enlisted rating structure includes 
two;type's of ratings: general ratings and service 
ratin^gs. ^ , , 

GENERAL • RATINGS are designed to 
provide paths • of advancement and career 
Uevelopment. A general rating identifies a broad' 
occupational field of related duties and 
functions requiring similar aptitudes and 
qualifications. General ratings provide the^ 
primary me_ans used to identify biUet 
requirements and personnel qualifications. Some 
• gen e^ralVa tings include service^ratings; others do 
noti Botn Regular Navy and Naval Reserve 
personnel may hold general ratings. 

Subdivisions of certain general ratings are 
identified as SERVICE RATINGS. These service 
. ratings identify areas of specialization within the 



AVIATION ELECTRICIAN'S MATE r\&rC 



scope of a general rating. Service ratings ar^' 
established in those general fating* in which 
specialization is essential for efficient utilization 
of personnel. Although service ratings can exist 
at any petty officer -level/ 'they 'ar^. most 
.'common at the'POS and P02 levels. Both 
Regular Navy and Naval Reserv^e personnel may 
holci service, ratings. " . 



AE RATING 

•The Aviation Electrician's Mate rating is a 
general- rating arid is included in ' Navy 
Occupational Group^ IX (Aviation). There are no 
AE service^ ratings! * 

Where occupational content, is related, 
general ratings have been combined at certain , 
pay grades to form broader occupational fields. ' 
In the case of the AE rating, "this takes pjace at 
the E-9 level. At this level the'^AE rating loses its 
identity and personnel in this rating advance, 
along with ATCS, AQCS, and AXCS to Mastep 
Chief Avionics Technician (AVCM). Figure 1-1 
illustrates the paths of advancement from 
Airman . Recruit ta Master Oiief Avionics 
"Technician. 

ThQ Maniial of Navy Enlisted Manpower and 
Personnel Classifications and Occupational 
'Standards: NAVPERS 18068 (Series), 
establishes the AEs technical responsibilities. 
The AEl or AEC,; working in a supervisory 
position, is required to review and evaluate 
completed inspection forms and reports; analyze 
reports of discrepancies and malfunctions and 
determine corrective action; schedule and assign 
workloads; determine repair procedures for 
aircraft electrical equipment; interpret- directives 
from^highet authorities; and maintain quality 
control of work performed. * 

When advanced to AEl or AEC, even more 
responsibilities are to be your^. A5 a senior petty, 
oflioer, you must possess more than technical 
knowledge. You *must assjume greater 
responsibility not only for your own work but 
also for the work of others who serve under yqu. 
Briefly, the Apl and AEC must be a supervisor, 
inspector, and i nstructo r, as well as an 
accompUshed rnilifary71~e"aden.^. Senior petty 
officers are therefore vitally cenceirlled with the 
Naval Leadership Program. k - , ■ 



As a result of the Naval Leadership Program, 
a considerable amount of material related to 
naval leadership for the senior petty officer is 
available. Studying this material will make you 
aware of your many leadership responsibilities as 
a senior pQtty officer, and will also be helpful in 
developing leadership* qualities. It will not in 
itself, however, make you a good leader, 
Leadership principles can be taught, but a good 
lead^ acquirjes that*quaUty only through hard 
work and practice. 

As you ' study this material cpntaining 
leadership traits, keep in mind that probably 
none of pur most successful leaders possessed all 
of these traits to a maximum degree, but a 
weakness in some traits ^as more than, 
compensated for by stength in others. Critical 
self-evaluation will enable you to ' realize the 
traits in which vpu are strong, and to capit^e 
oh them. At tjile same time you must strive to 
improve in tile areas in which you are weak* 

Your success as a leader will be decided, for 
the most_part, by ypur achievements in inspiring 
others to leanr and perform.. This is best 
accompUshed by personal example. 

Assignments available to the AEs vary 
widely. In addition to the various types 6f 
maintenance activities to which lower rated 
personhel are assigned (di$(:ussed in AE 3 & 2, 
NAVEDTRA 10348), Second Qass and above- 
are eUgible for assignment to instructor duty as 
well as a number of other desirable shor? billets. 
Most of these- billets are under the management 
control of BUPERS and are directly associated 
with training.. Others are associated with 
research, testing, or evaluation. Some of thje 
more desirable bifle"^ to which jthe AE may be 
assfignQd are; describe.d in the following 
paragraphs.^ * ^ 

Instructor duty is available at' the Naval Air. 
Technical Ti^ining Center, Memphis, Tennessee, , 
in schools such as the following: ' 



.Ai: 



1 . Aviation FamiUarization Course, aa3s P. 

2. Aviation Electrician's Mate School, Class 



. 3. Aviation Electrician's Mate Intermediate 
Course, Qass C7.' ^ 

h\ addition to;t.he above listed instructor 
billets, the_AE may be assigned .to insfructor 
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Figure 1-1 .—Paths of advanqement. 
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d\ity with a Naval Air Mafntenance Training 
DetachmehY (NAHTD). NAMTDs are located at 
shore stations on both coasts. Personnel assigned 
td this ^ duty are' first sent to Naval Air 
Maintenance Training Group headquarters at*'' 
NATTC Memphis for a period of indoctrination 
and inistniction. , 

' For a listing of other special programs and . 
projects, reference should be made to the 
Enlisted Transfer Manual. Others are also 
announced from time to time in BUPERS 
Notices and the , quarterly edition of Link 
(NAVPERS 15980). 

. AEs are also eligible for assignment" to dufy 
with the Naval Education and Training Program 
Development Center, headquartered at 
PensacOla, Florida, as a Technical Writer to assist 
in the preparation of Rate Training Manuals apd. 
Nonresident Career Courses (formerly called 
Enlisted Correspondence Courses) for the AE 
ratings, and as an exarrt writer in the preparation 
of the Navy-wide advancement examinations for 
unlisted personnel. . ' - 

There are a number of special, programs and ' 
projects to which enlisted personnel »may be 
asisigned. Some of these involve research; Others 
may .involve testing or evaluation. An example . 
of such an assignment is with the Naval Aviation 
Integrated Logistic Support Center *(NAILSC), 
NATC, Patuxetfit River, Mafyland. Th^ir mission 
rs to develop recommended personnel 
requirements for squadrons- operating anif 
maintaining the latest types of weapons systems. 

Personnel, may indicate their desije for 
.assignment to a specific program or project by 
indicating it in the ^'remarks" block of their 
Enlisted Duty Preferences (NAVPERS 1 306/63). 

, ADVANCEMENT * 

. By this time, you are prqbably well aware of 
the ijersonal advantages of advancement^higher 
^ay, greater prestigfe, ^more interesting and 
challenging woric, and the satisfaction of getting 
ahead in your cnosen career. By this time, also, 
you haVe probably discovered that one of the 
most enduring rewards of advancement is the 
draining you apquire in the process of preparing' 
for advan(!fefnent. 

^ The Navy^also profits hv-your advancement. 
Highly trained personnel are essential to the 



functioning, of the Navy. By advancement, you 
increase your value to the Navy in two'way^f 
First, you become more valuable as a technical 
. specialist/ and thus make far-reaching 
contributions to the entire Navy; «^and second, 
you become more valuable as a person who can 
supervise, l^ad, and train others. \ 

Since you are studying for advancement to 
POl gr CPO, you are probably already famiUar 
with the requirements' and procedures for 
advancement. However, you may find it "helpful 
to read the following sections-. The Navy does 
nqt stand still. Things change all the time, and it 
is possible that some of the requirements have 
changed Since the last >time you went up for 
advancement. Furthermore, -you will be 
responsible for training others for advancement; 
therefore, you wiir need to kno\v the 
requirements in sorne detail. 

HOW TO QUALIFY FOR 
ADVANCEMENT 

1. Have a certain amount of time in grade. 

2. Complete the military gnd professional 
requirements as set forth in the Manual dfNavy 
Enlisted Manpower and Personnel Classifications 
and Occupational Standards, NAVPERS 1 8068. 

J 3. Complete the Personnel Advancement 
Requirement (PAJR) form NAVPERS' 1414/4. 

4. Be recommended by his commanding 
officer. . V 

5. Demonstrate his KNOWLEDGE by 
passing a written examination on (a) military 
requirements, and . (b) professional 
qualifications. , 

The Navy-wide written examination 
administered for all petty officer grades is a 
1 50-question i test. The E4 through E7 . 
examinations contain 150 multiple choice, 
professional questions, whereas, the E8 ^ejj^ 
contains only 50 professional and the E9 test 
only 45 professional questions. 

Three different scores are important when 
discussing advancement examinations. Two 
scores, the RAW JSCORE'and the STANDARD 
SCORE, deal directly with the examination/The 
FB^L NfULTIFLE SCORE includes points fqr 
; the^ STANDARD SCORE, the peiformance 
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Table ,1-1. -Computation 0 

■ — -i 


(\ final multiple score ^ 




— - 

PAVGRADE : 


FACTOR 


N ^ 

MAXIMUM 


PERCENTAGE^F 


- 






POINTS 


TOTAL POINTS! 


' E4/E5 . ■ 




Examination standard icore 


80 


J 35% 






Performance * 


70 


^ ■ 30% 






Experience - 


80 ^ ■ 


. 35% ' 


E6^ 




Examination standard score " 


80 


'30% • ■ 






Performance 




■ *35% . ' 






Experience 


'92 , 


. 35% • 

JL 


E7 ■ 




Exammationl standard score 


80 


60% 


15- 




PerformanceV 


52 . • 


. 40% 


E8- ' 


E>lamination standard score 


. 80 . 


50% 






Performance 


52 


50% 


E9 




Examination standard score 


80 


40% 






Performance 


120 


{ 60% 



marks, arid for experience (E4 through E6 only). 
The RAW SCORE is b^sed on a maximum of 
150, (the number of questions on the 
examination) and- represents the number of 
questions answered correctly on the 
examination. An.E4 must have a RAW SCORE 
bf<43 in order to pass the examination. An E5 
must have a RAW SCORE of 48, and E6 
through E9 advancement candidates must have a 
53 RAW SCORE to passV StatistiMy, these 
RAW SCORES produce a 90-98% passing rate. A 
candidate MuST pass the test in order to be 
considered for advancement. 

When a* candidate passes the examination, 
his RAW SCORE is converted toa STANDARD 
"SCORE .that has a minimum of 20 and a 
maximum of 80 points. This SIANDARD 
SCCiRE is the number of points the examination 
contributes to the candidate's FINAL 
MULTIPLE SCORE. (See table l-l .> 

At the time of this writing the division of 
FINAL MULTIPLE SCORE points is as siiown 
in table. 1-1. The performance marks are 
calculated from the annual ^r semiannual 
evaluation marks assigned by the division 
officer. Experience p6ints are J^igned according 



to length of service, time in rate, the number of 
awards (ribbons), and points earped by passing 
previous advancement examinations. E4 through 
E6 candidates are advanced directly as a result 
of this FINAL MULTIPLE SCORE, The Chief 
of Naval Personnel assigns .quotas fgr each rate 
and rating. The assigned number of people with 
the highest FINAL MULTIPLE SCORE are 
advanced and ail others that have passed, the. 
examination are riotifjed that thSy* passed but 
were not advanced (PNA). ' 

The names of at least the top 50% of the,E7 
and the top 75% of the E8 and E9 candidates 
w]io pass the advancement examination are 
placed before selection boards convened by the 
Piief of Naval Personnel, The selection board 
considers the . FINAL MULTIPLE SCORE as 
wen as entries in each candidates service jacket 
ijlJTiaking its final selection for advancement. 

» Remember that the requirements for 
advancetnent can change. Check with your 
educational services office to be sure that you 
know the most recent requirements. Sdnie of 
these general requirements may be modified in 
certain ways. Figure 1-2 gives an overall view of 
the requirements far advancement of active duty 
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REQUIREMENTS * 


El tp E2 


E2 to E3 


# E3 . 
to E4 


^ E4, 
to E5 


E5 
to E6 


tE6 

to E7 


' tE7 
to E8 


f E8 

to E9 


SERVICE 


4 mos. 
service- 
or 

com pie- - 
tion of 
Rectuit 
Training. 


8 mos. 
as Er2. 


6 mos. 
as E-3. 
2 years 
time in 
service. 


12 mos. 
as E-4. 
^yeaJrs 
time in 
service. 


. 24 mos. 
as E-5. 
6 years 
tiiTje in 
service. 


36 mos. • 
as E-6. 
9'years 
time in y 
service. 


y^6 mos. 
as E-7. 
8ofl2 
years 
time in 
service 
must be 
emisted. 


A 

36 mos. 
as'E-8. 
10 of 15 
years 
time in 
service^ 
must be 
^nlisted. 


J 

oCHOOL 


Recruit 
Training, 
(C.O. 
may ad- 
vance up 
f<?10% 
of gradu- 
ating 
class.) 


y:,!c;::;::: 


CItss A 
for PR3, 
DT3, 
PT3, 
' AME 3, 
HM 3. 
PN 3, 
FTB 3, 
MT 3, 






Navy 
School 
MUC, 
MNC.tt 

>> ■ 

a. 


PERFORMANCE • 
TEST 






■\r* 

Specified ratings must complete 
applicable performartce tests be- 
foi^e taking examinations. 






ENLISTED 
PERFORMANCE 
EVALUATION 


As used by CO 
when approving 
advancement. 


Counts toward performance factor credit in a 
vancemenf multiple. 


d«^ 


EXAMINATIONS** 


Locally 
prepared 
tests. 


See 
below. 


Navy-wide ex&mlnatione 
required for all PO 
advancements " 


Navy-wide selection board. 


RATE TRAINING 
MANUAL (INCLUD- 
ING MILITARY 
REQUIREMENTS) 




Required for E-3 and all'PO advancements 
unless waived because of ^pchool coniple-r 
tion, but need not. be repeated if identical 
course has already been completed. See 
NavEdTra 10052 (current edition). 


'No^j^sidetit career 
MPl^^rs^s i^nd 

r^tbtti mended - 

r.eading. See 
^NavEdTra 10052 

(current edition), » 


AUTHORIZATION 


Commanding 
Officer 


NAVEDTRA PR ODE VCEN^ 





> All advancements require commanding officer's recommendation, 
f '3 years obligated service required for E-7, E-8, and E-9. 
# Military leadership exam required for E-4 and E-5. 

For E-2 to E-^3, NAVEDTRAPRODEVCEN exams or locally prepared tests Ynay be used. 

Wajved for qualified EOD personnel. ' ' 

■ • ■ ' A , / ' . 

■ / 
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personnel;' figure 1-3 gives this information for 
inactive '.d^|jYjp^'*?onncl. 

HOW'^^^j^EFOR ^ 

"What ffiust you do to prepare for 
advancemerlt? You must study the occupational 
standards for advancement, work on the 
practical^ factors, study applicable Rate Tr-aining 
Manuals, and 'study other material that is 
required. You^ill need to be familiar with the 
following: . ^ / 

1 . Mmiual of Navy Enlisted Manpower and . 
Personnel Classificatians and pI)ccupational 
Standards. NAVPERS1806S (Series). 

2. Personnel -Advancement Requirement, 
NAVEDTRA 1414/4. 

. 3. Bibliography for Advancement Study/ 
NAVEDTRA 10052 (Series). ' ^ - 

4. Applicable Rale Training Manuals an^ 
their cpmpaniow Nonresident Career Courses. 

Collectively, these documents make up an . 
intCCTQ^ TljiflTi^^ackage tied together by the 
ocorfpational ' standards. Thq follqwing ' 

fagraphs - descrit)e these materials and"" give 
-some information oh how each one is related to 
the other*. ^ - . 

, Occupational-Standards Manual 

' ■ • ' ■ 

The Manual of Navy Enlisted Manpower and 

Personnel. Classifications and Occupational 

Standards. N^VPERS 18.068 (Series)^ 

hereinafter referred to as the Occupational 

Standards Manual, gives ^ the MINIMUM 

requirements for advancement. The 

Occupational Standards Manual can be found in 

<^our e(iucational. services office, or m^y be 

obtained from ybur Training 'Petty Officer. 

Occupational standards are expressed as task 
statenlehts only,. The approved contept for 
occupational standards i^ that'they define what 
enlisted personnel must do in their rate or 
rating, and that the knowledges requirecl to- 
perform ti^ task are inherent to the proper 
performance of the task. 

Occupational standards are 
five-digit number of which the 
identify the standard topic 



remaining three digits identify the spegi/ic taski^ 
statement.^ The standards are of ^fWe^eneral 
types: military Requirements, and professional 
(or telHinical) requirements. • • 

-The occupational standards and" a- 
bibliography of study materials are available in 
youry^uccitional services office. The' 
Occuimtional Standards Manual is changed more 
frequently than- Rate Training Manuals are 
revised. By the tim? you are studying this 
training manual, the occupational standards for 
your rating may have been changed, "Never trust 
^ny set of occupational standards until you have 
checked the change number against an^' 
UP-TO-DATE copy^ of the .occupational 
standards manual. ' . ^ 

' In train ing -others 
Emphasize these two 
occupational standards: 



.for advancement, 
points about the 



standards are 'the 
for advai^ement. 



^1. The occupatipnal 
M INIMUM requirements 
Personnel who study. MORE than the required 
minimum will have a-great advantage, .when they 
take the written examinations for advancement. 

2. Each occupational standard has a*^ 
desig4iated rate level— chief, first class, second 
^lass, or third class. You are responsible, for all 
ocpupJtional, standards specified for the rate 
level to whtch^ you are ^ekirtg 
AND all occupational standards 
lower rate, levels. 



advancernent 
specified for 



identified by a 
first two digits ^ — fo^ 
title' and the 



PERSONNEL ADVANCEMENT ' ? 
REQUIREMENT (PAR) PROdRAM 

NAVPERS 1414/4 " ^ 

> ' ■ ■ ir ' 

Tha Per^miel ^ Advancement Requirement 
(PAR) Program is a rrew program initiated to 
replace 'the Record of . Practical Factors 
(NAVEDTRA' 14M/1). , . • / 

The former Equals" were stated in terms of 
practical factors and* knowledge factors, ^he. 
new occupational standards are presiented only ^ 
aj^ task statements. This neW format of th& 
occupational standards dojes not lend itself to 
the practical factor checkoff list concept* of the 
Record of Practical Facthrs. As a ce^it, a new., 
foim and ^new except of determining elegibihty 
advancement has bee^ develop.^d- The 
Advancement^ Requiremeitt (PAR) 



Personnel 
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REQUIREMENTS 



total time 
in/grade 



TOTAL TRAINING * 
DU'yv IN GIL\DEt ' 



PERFORMANCE 
TESTS 



DRILL 
PARTICIPATION 



RATE TRAINING 
MANUAL (INCLUDING 
MILITARY RP:QUmE- 
ME NTS) 



EXAMINATION 



AUTHORIZATION 



El to 
E2 



4 mos. 



14 days 



E2 to 
E3 



8 mos. 



14 day? 



E3 to 
E4 



f) mos. 



14 days 



£4 to 
Efj 



12 mos. 



14 'days 



E5 to 
EG 



24 mos 



28 days 



EG to " 

E7 



3G mos. 
with 
total 
9 yrs 
service 



42 da^. 



8. 



total 
12 yrs 
service 



42 days 



E9 



24 mos. 
with 
tofal 
15 yrs 
Service 



28 days 



Specified ratings must complete applicable 
perf(M'riiance tests before taking examination; 



Satisfactory participation as a member of a drill unit 
in accordanc"e with BUPERSINST 5400.42 series. 



Completion of applicable course or courses must be'entered 
in service record. 



StatKlard Ex^i/n 



Commanding 
Officer 



Standard Exam 
vvA\\\\rvA for all \K) 
ad vancements. 
A Iso ixiss 

Military Leadership Exam 
for E-4 anri E-f). 



Standard Exam, 
jicloction Board. 



NAVEDTRA PRODEVCEN 



♦Recommendation by commanding officer re(|Uircd* for all advancements, 
♦ Active duty perkxis may l)e sul)8tituted for training duty. 



Figure 1'3.-lnactive duty advancement requirements. 

13 ' 
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NAVPERS 1414/4) will replace the Record of 
Practical Factors: This new system allows a 
command to evaluate the overall abilities of an 
individual in a day-to-day work situation and 
eliminates the need to complete a mandatory, 
lengthy, and detailed checkoff list. 

The E-8 and E-9 are exempt from the 
program as there are other means of selection 
for advancement to these paygrades. The E-3 
-apprenticeshipsJare— so-^Foad-^s—to-ma ko^^ihc^ 
development of a single PAR impractical. 

Each rating' PAR lists the requirements for 
advancement to paygrades E-4 through E-7 in 
one pamphlet. It contains descriptive 
in'forrnation, instructions for administration, 
special fating requirements, and advancement 
requirements in the following sections: 

Section I-Administration'Requirenaents 
Section II~Formal School and Training 
Requirements 

Section Ill-Occupational- and Military 
Ability Req^fements 

Section I contains the individual's length of 
service, time in rate, and a checkoff for the 
individual having passed the l>4/E-5 Military 
Leadership Examination. 

Section II c^. itains a checkoff entry for the 
individual having completed the. Military 
Requirements Navy Training Course and the 
applicable Navy Training Course for the ratihg. 

Section IH is a checkoff list of task - 
statempnts. Items in this section are to be 
interpreted broadly and do not demand actual 
demonstration of the item, or completion of 
alternate local examination, although 
demonstration is a command prerogative. 
Individuals are evaluated on their ability to 
perform the task, livaluation may be/ by 
observation of ability in related areas, training 
reccived,-or by demonstration. 

There is currently a pilot program which 
includes the PQS watch station qualifications' 
and preventive maintenance actions as a separate 
section of the PAR form. Section III undef this 
program lists task statements required of the 
rating which are not reflected in the PQS 
qualifications. As PQS (|ualifications are 
developed, PAR fofms will be revised. 

The Record of l^aftlcah Factors wilr 
remain in effect until 1 January 1977 



at which time the . PAR form, will become 
effe(^tive. 

PAR forms are stocked^ in the Navy Supply 
System. 

NAVEDTRA 10052 . 

The Bibliography for ^Advancemer\t Study, 
NAVEDTRA 10052'(Series) is a very important 
-p u b 1 ica4^io n— f ai;^-^n->^rv^ — p-repar ing — foi^ 
advancement. This bibliography lists required 
and recommended Rate Training Manuals and 
other reference material to be used by personnel 
working for advancement. NAVEDTRA 10052 
is revised and issued once each year by the Chief 
of Naval Education and Training. Each revised 
edition is identified by a letter following the 
NAVEDTRA number; be SURE you have the 
most recent edition. 

The required, and recommended references 
are listed by the rate level in NAVEDTRA 
10052. It is important to remember that you are 
responsible for all references at lower rate levels, 
as well as those listed for the rate to which you 
are seeking advancement. 

Rate Training Manuals that are marked with 
an asterisk (*) in NAVEDTRA 10052 are 
MANDATORY at the indicated rate levels. A 
mandatory training manual may be completed 
by ( 1 ) passing the appropriate nonresident 
career course that is based on the mandatory 
training manual; (2) passing locally prepared 
tests based on the information given in the 
' mandatory training manual; or (3) in some cases, 
successfully completing an appropriate Navy 
school. 

When training personnel for advancement, 
do not overlook the section of NAVEDTRA 
10052 which lists the required and 
recommended references relating to the military 
requirements, for advancement. All personnel 
must . complete the mandatory military 
req uiremen ts training manual for the 
appropriate rate .level before they can be eligible 
to advance. Also, make sure that personnel 
working for advancement study the references 
listed as recommended but not mandatory in 
NAVEDTRA 10052. It is important to 
remember that ALL references listed may be 
used as source material for the written 
examinations, at the appropriate levels. 



14 



AVIATION ELECTRICIAN'S MATE 1 & C 



Rate Training Manuals 

There are two general types of Rate Training 
Manuals. Rate Training Manuals (such as this 
. one) are prepared for most enlisted rates and 
.ratings, giving information that is directly 
related to the professional standards, for 
advancement. Subject matter manuals give' 
information that applies to more than one 
— rating. ' ^ — - - — 

Rate Training ManUals are revised from time 
to time to bring them up to date technically. 
The revision of a Rate Training Manual is 
ide/itified by a letter following the NAVEDTRA 
number You can tell whether a Rate Training 
Manual isy the latest edition by cfhecking the 
NAVEDTRA number (and the letter following 
the number) in the most recent edition of the 
List of Training Manuals and Correspondence 
Courses, NAVEDTRA 1 006 1 . NAVEDTRA 
10061 is actually a catalog that lists current 
training manuals, nonresident career courses, 
and correspondence courses; you will find this 
catalog useful in planning your study program. 

Rate Training Manuals are designed for the 
special purpose of helping naval personnel 
prepare for advancement. By this time, you have 
probably developed your own way of studying 
these manuals. Some of the personnel you train, 
however, may need gurdan ce in the use of Rate 
Training Manuals. Although there is no single 
"best'* way to study a training manual, the 
following suggestions have proved useful for 
many people: 

1. Study the military requirements and the 
professional standards for your rate before you 
study the training manual, and refer to the 
occupational standards frequently as you study. 
Remember, you are studying the training 
mjkimdl primarily to meet these occupational 

--"^andards. 

2. Set up a cer>ular study plan. If possible, 
schedule your studying for a time of day when 
you will not have too many interruptions or 
distracitons. 

3. Before you begin to study any part of 
the training manual intensively, get acquainted 
with the entire manual. Read the preface and 
the table of contents. Check through the index. 
Thumb through the manual without any 



particular plan, loolcing at the illtlsfrations and 
reading bits here and there as you see things that 
interest you. 

4. Look at the training manual in more 
detail, to see how it is organized. Look at the 
table of contents agaih. Then, chapter by 
chapter,^ read the introduction, the headings, and 
the subheadings. This will give you a clear 
picture of the scope and cont^t of the manual. 

5. When you have' a general idea of what is 
in the training manual and how it is organized, 
fill in the details by intensive study. In each 
study period, try to cover a complete unit— it 
may be a chapter, a section of a chapter, or a 
subsection. The amount of material y6ur\can 
cover at one time \frill vary. If you know the 
subject well, or if the material is easy, you can 
co$er quite a lot at one time. Difficult ^r 
untainiliar material will require more study tim\ 

6. In studying each unit, write down 
questions as they occur to you. Many people 
find it helpful to make a written outline of the 
unit as they study, or at least to write dow^n the 
most important ideas. ^ ^ 

7. As you study, relate the information in 
the training manual to the knowledge* you 
already have. When you read about a process, a 
skill, or a situation, ask yourself some questions. 
Does this information tie in with past 
experience? Or is this something new and 
different? I^w does this information relate to 
the occupational standards? 

8. When you have finished studying a unit, 
take time out to see what you have learned. 
Look back over your notes and questions. 
Maybe some of your questions have been 
answered, but perhaps you still have some that 
are not answered. Without referring to the 
training manual, write down the main ideas you 
have learned from studying this unit. Do not just 
quote the manual. If you cannot give these ideas 
in your own words, the chances are that you 
have not really mastered the information. 

9- Use nonresident- career courses whenever 
you can. The courses are based on Rate Training 
Man uals or other appropriate texts. As 
mentioned before, completion of a mandatory 
Rate Training Manual can be ficcomplished by 
passing the nonresident career course based on 
the training manual) You will probably find it 
helpful to take otfier courses 'as well as those 
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based on mandatory trainini^ manuals. Taking a 
nonresident career coiirse helps^ou to master 
the information given in the training manual, 
and also gives you aiji^dea of Jiow n>uch you ' 
have learned. 

INCREASED RESPONSIBILITIES 

When you assumed the duties of a P03, you 
began to .accept a . certain amount pf 
responsibility for the work pf others.. With each 
advancement, you accept an increasing 
responsibility in military matters and in matters 
relating to the professional work of your rate. 
When you advance-to POl or CP0,'y6u will find 
a noticeable increase in your i^esponsibilities fof 
leadership, supervision, trailfeg, working with 
others, and keeping up with "^w developments. 

As your responsibilities infrease, your ability 
to communicate clearly and effectively must 
also increase. The simplest and most direct 
means of communication is a common language. 
The basic requirement for effective 
communication is, therefore, a knowledge of 
your own language. Use correct language in 
speaking and in writing. Remember that the 
basic purpose of all communication is 
understanding. To lead, supervise, and train 
others, you must be able to speak and write in 
such a way that otb«l?^153Tr understand exactly 
what you mean. 

Leadership and Supervision 

As a POl or CPO, you will be regarded as a 
leader and supervisor. Both officers and enlisted 
personnel will expect you to translate the 
general orders given by officers into detailed, 
practical, . on-the-job language that can be 
understood and followed by relatively 
inexperienced personnel. In dealing with your 
juniors, it is up to you to see that they perform 
their jobs correctly. At the same time, you must 
be able to explain to officers any important 
problems or needs of enlisted personnel. In all 
m^ tary and professional . matters, your 
responsibiUties will extend both upward and 
downward. 

Along with your increased responsibilities, 
you will also have increased authority. Officers 
and petty officers have POSmOMAL 
authority -that is, their authority over otliers 



lies in their positions. If your CO is relieved, for \ 
example, he no longer has the degree of ' 
authority over you that he had while he was 
your CO, although he still retains the military 
authority that all senior* )iave over subordinates. 
As a POl, you will have some degree of 
positional authority; as a CPO,. you will ha>£fj 
even more. When exercising yo^ur authority,* 
remember that it is positional— it the rate yoU 
have, rather than the person you aVe, that gives 
you this authority.' 

A good Petty Officer conscientiously and 
proudly exercises bis authority to carry out the 
responsibilities he is given. He takes a.personal 
interest^n the success of both" sides of the 
chain, of command . . . . .authority , and 
^rcjfponsibi^ty. For it is true that the. Petty . 
Officer^ W^Q does - not*^seek out \^nd^ -^accept 
responsibili?V> Ipses his authority hnc^ tljAl^the 
responsibility he thinl^s he deserves. mu^lbe 
sure^^l^y his example and by his instruction, that 
the ^etty Officers under him also naCcept 
re^poffl^bi^tv. la short,* he muit be^he leader, ^is' 
title^Pet tyWficer-says he is. • I / ' 

V • * • " 

Training . ; / 

As a POl or CPO, you will h^ve regujar and 
continuing responsibilities for jtfiii^ing others. 
Even if you are lucky eriough'to^'bave a group of 
subordinates who are all highly skilled and well 
trained, you will still find that training is 
necessary. For example, you will always be 
responsible for training lower tated personnel 
for advancement. Also, some of your best 
workers may be transferred; and inexperienced 
or poorly- trained personnel may be assigned to 
you. A particular job ma^ call for skills that 
none of your personnel has. These and similar 
problems require that you be a training 
specialist— one who can conduct formal and 
informal training programs to qualify personnel 
for advancement, and one who can train 
individuals and groups in the effective execution 
of assigned tasks, 

Ift; using this training manual, study the 
information from two points of view. Fu-st, 
what do you yourself need to leaijli from it? And 
second, how would you go about teaching this 
information to others? 
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Training goes on all the time. Every time a 
person does a particular piece of work, some' 
learning is taking place. As a supervisor and as a 
training expert, one of your biggest jobs is to see 
that your persoqnel learn the RIGHT things 
about eacjijoW^b tKat they will not form bad 
work habrts. An. terror that is repeated a few 
times is well onjits way-to becoming a bad habit. 
You will hi?^ .ta Jearn" the difference between 
"pversW pQfvising ixndk^i^^^ enouglrrNo 
orje can do hi^best work with a supervisor 
qoriBtantly supervising. On the other hand, you 
' diann9t turn an* entire job over to an 
inexperienced person and expect him to do it 
correctly without any help or supervision. ' 

In training lower rated personnel, emphasize 
the importance of learning and using correct 
terminology. A command of the technical 
languages of your occupational field (rating) 
enables you to receive and convey information 
accurately and to exchange ideas with others. A 
person who does not understand the precise 
meaning of terms used in connection with the 
work of his rating is definitely at a disadvantage 
when he tries to read official publications 
relating to his v^ork. He is also at a great 
disadvantage when he takes the examinations for 
advancement* To train others in the correct use 
of technical terms, you will need to be very 
careful in your own use of words. Use correct 
terminology and insist that persopnel you are 
supervising-use it too. 

You will find the Personnel Axlvancement Re- 
quirement, NAVPH^S 1414/4, a usefi^l guide 
in planning and carrying ou^ training programs. 
From this regord, you can tell which practical 
factors have been checked off and which ones 
have not yet been done. Use this information )x) 
plan a training program that will fit the needs of 
the personnel you are training. 

On-the-job training is usually controlled 
through daily and weekly work assignments. 
When you are working on a tiglit schedule, you 
will generally want to assign each person to the 
part of the job that you know he can do best. In 
the long run, however, you will gain more by 
assigning personnel to a variety of jobs so that 
each person can acquire broad experience. By 
giving people a chance to do carefully 
supervised work in areas in which they are 
relatively inexperienced, you will increase the 



range of skills of each person and thus improve 
the flexibility of your working group. 

Working With Others 

As you advance to POl or CPO, you will 
fincl that many of your plans and decisions 
affeic$»^ large number of people, some of whom 
are n<)^,;Qven in your own occupational field. It 
^ Jpci^m therefore, for 

*^:^^5^^ the duties and the 

^ ^^ef$f^^ibi^i}j^^^ personnel in other ratings, 
v^|e^y t»petty'■*'d^lce5^ in thje Navy is a technical 
'*,sife(^i^list'^n hii own field. Learn as much as you 
can^about the work of others-, and plan your 
own work so that it will fit into the overall 
mission of the organization. 

Keeping U^^^JVith 
New DeyiwjSj^ 

o ' ■ - ' ' 

PracticaBy everything in the Navy-policies, 
procedures, publications, equif)ment, systems-is 
subject to change and development. As^a POI or 
CPP, you must keep yourself informed about 
changes and new developments that affect you 
or your work in any way. 

Some changes will be called directly to your 
attention, but others will be harder to find. Try 
to develop a special kind of alertness for new 
information. When you hear about anything new 
in the Navy, find out whether there is any way 
in which it might affect the work of your rating. 
If so, find out more about it. 



SOURCES OF INFORMATION 

As a POl or CPO, you must have an 
extensive knowledge of the references to consult 
for accurate, authoritative, up-to-date 
information on all subjects related to the 
* ^piilitary and professional requirements for 
advancement. ,\. 

PjLiblications n^^jrtroned in this chapter are 
subject to change or revision from time to 
time-some at regular intervals, others as the 
need arises. When using any publication that is 
subject to revision, make sure you have the 
latest edition. When using any publication that is 
ktpt current by rneans of changes, be sure you 
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have a copy in which all official changes have 
been made! 

In addition to training jnaniials and 
publications, trainings films* furnish a valuable 
source of supplementary information. Films that 
may be helpful are listed in'the U.S. Navy Film 
Catalog, NAVAI^l 10-1-777. - .;' ' 

ADVANCEMENT-OPPORTUNITIES. 
FOR PETTY OFFICERS 

t. . ■ ,4- 

. Making chief is not the end of the line as far 
as advancement is concerned. Advancement k) 
Senior (E-8) and Master (E-9) Chief, and 
advancement to Warrant Officer and 
Commissioned Offic;er' are among the 
opportunities that are available to qualifi^^d 
petty officers. Tliese' special paths of 
advancement are open to persofinel^who have 
demonstrated outstanding professional ability, 
the highest order of leadership and military 
responsibility, and uflques ionable moral 
integrity. 

ADVANCEMENT TO SENIOR 
AND MASTER CHIEF 

Qiief petty officers 'may qualify for the 
advanced grades of Senior and Master Chief. 
Tliese, advanced grades provide for substantial 
increases in pay, - together with increased 
responsibilities and additional prestige. Tlie 
requirements for advancement to Senior and 
Master Chief are subject to change but, 
in general, include a certain length of time in 
grade, a certain length of time in the naval 
service, a recommendation by the commanding . 
Officer, and a sufficiently high mark o^ the 
Navy-wide examination. The final selection for 
Senior and Master Chief is made by a regularly 
convened selection board. 

Examination Subjects 

Standards for advancement to Senior Chief 
Petty Officer and Master Qiief Petty Officer 
have been developed ancj published in the , 
Occupational Standards Manual, NAVPERS 
18068 (Series). Tliey officially establish,;' 



minimum military and professional standards for 
Senior and Master Chief Petty Officers. 

'-'Bibliography for Advancement Study, 
NAVEDTRA 10052 (Series),, contains a list of 
study references which may be ifsed to study for 
both military and professional requirements. 

Satisfactory completion of the nonresident 
career '^course' titled Military Requirements for 
Senior and Master Chief Petty Officer, . 
NAVEDTRA .91209, is mandatory for 
advancement to E8. . . 

ADVANCEMENT TO WARRANT 
AND COMMISSIONED OFFICER 

It has been demonstrated that the Navy has 
a need for warrant officers to serve as officer 
technical specialists, and limited diity officers to 
serve'as officer technical managers, 

f^few paths from enlisted to warrant and 
LDO and from warrant to LDO have recently 
been implemented and are shown in figure 1-4- 
Application may be made for a grade indicated 
by an arrow, E-7s and E-8sAvith 12 to 16 years 
may not apply simultaneously for LDO ensign 
and W-2. Only two applications may be made 
while in any one pay grade. 

Once appointed W-2, ex-enlisteds will 
continue progression to W-3, then W-4 as in the 
past, or after two years of warrant service, may 
apply for LDO Lt.(jg). Once appointed LDO. 
ensign, ex-enlisteds will progress through the 
LDO grades as in the past. 

The dotted Une from the second E-9 box at 
tl)^ extreme right of figure VA means that E-9s 
wm two years of performance equivalent to 
W-2 duties, may be recommended by the 
procurement board for appointrhent as W-3 
instead of W-2. 

Enhsted personnel of the Regular Navy and 
Naval Reserve on active duty may seek 
appointment to warrant status via the Warrant 
Officer Program or regular commissioned status 
via the Limited Duty Officer Program. 

Personnel seeking appointment under either 
s of the programs should familiarize themselves 
/'vwithn the laws and regulations governing 
appointment, retirement, reversion^, and career 
matters as contained in the Career Planning 
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Figure 1-4.-LD0/W0 career paths. 



195.207 



PERS' 15176, for 



Information 
aviation. 

Eligible applicffiCs^ToT the Warrant Officer 
and Limited Duty Officer program will be 
.considered by a selection board. The board will 
recommend those deemed> best qualified for 
appointment within ^horized quota 
limitations. 



Competition ih both of the programs has 
been and will continue to be particularly keen, 
and personnel should^omnj^nce preparation 
early in th^ir careers: Increased knowledge by 
on-the-job ' training and specialized training 
through schools and correspondence nonresident 
career courses should be sought by all potential 
candidates to better prepare for officer status. 



METRIC SYSTEM 

The Metric System Single-Subject Training Manual and its associated 
OCC-ECC form a self-study package (NAVEDTRA 475-01-00-75) to train 
Navy personnel in conversion from the U.S. Customary System to the 
International System (SI). Order the SSTM by stock number 
0507-LP-475-0000 from NfPFC, Philadelphia, PA. and the OCC-ECC by 
NAVEDTRA 475-01-00-75 from NAVEDTRAPRODEVCEN, Pensacola 
Florida, 32559. 



CHAPTER 2 

SUPPLY AND PUBLICATIONS 



To have an effective aircraft maintenance 
program, the availabiUty of spare parts and 
equipment is of prime importance. Without 
material the maintenance of an electrical system 
cannot be sustained. The roles of supply and 
miaintenance and the responsibilities of each 
must be clearly understood by personnel at ail 
levels. ' 

In general, maintenance personnel have the 
responsibiUty to make known their requirements 
to supply. Supply personnel convert - this 
demand to the proper format and obtain the 
required item. No attempt is made here to 
present a comprehensive study of the supply 
system. This, chapter i^ to acquaint the AE with 
the aviation ijupply system to the" extent that he 
should be able to understand what is required of ^ 
him and the effects his actions have upon the 
supply support. Most emphksis is placed on local 
organization where* the AE, as the ultimate 
consumer, is primarily involved. A brief 
discussion of the supply system is presented in 
an effort to familiarize the senior AE with basic 
supply principles used to provide his material 
requirements. 



AVIATION SUPPLY - 

Aviation supply persQnnel are vital members 
of the aircraft maintenance team; and the AE, as 
well as other aviation maintenance ratings, must 
work in close harmony with them if successful 
teamwork ^ is Jo be achieved. The team must 
work so that a flow of materials is maintained 
from the manufacturer to the man on the job. A 
correct concept of supply's relationship to the 
entire organization is essential in the supervision 
of aviation maintenance functions. 



ORGANIZATION AND FUNCTION 

The command exercising management 
control over the poUcies and procedures of the ^ 
aviation supply organization is the Naval Supply 
Systems Command. The Commander of the 
Naval Supply Systems Command is usually a 
rear admiral. He works with the delegated 
authority of the Secretary of i?he Navy, and all 
orders emanating from him have 4he full force 
and effect of SecNav orilers. 

To better understand the relationship of the 
Naval Supply Systems Command toUle Aviation 
Supply System, it might be well* to quickly 
, review the development of the Navy Supply 
"'System. , _ . 

Prior to. the establishment of the Aviation 
Supply Office (ASO), aircraft spares w^re 
bought by the naval bureaus, naval air stations, 
and the Naval Aircraft Factory as they were 
needed. This system, though efficient enough 
before World War II when aircraft component 
parts were -few, was too loosely organized for 
the great expansion of the Navy's aircraft 
program that followed the fall of France in 
1940. 

ASO was estabUshed in 1941 under the 
technical control of BuAer and the management 
control of BuSand A. The function of ASO was 
the procurement, custody, and issuance of 
aeronautical spare parts and technical material. 

Today, ASO supports approximately 8,500 
aircraft. The aircraft have changed; the methods 
^f controlling their spare-part support have 
changed. But ASO's mission today is the same as 
it was during Wmid War II -tu 
Navy's aircraft have the right parts, in the right 
quantities, in the right 'place, and at the right 
time. ASO is now under the technical control of 
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the Naval Air Systems Command and, the 
management , control of the Naval Supply 
Systems Command, 

RESPONSIBIUTIES OF THE 
NAVAL MATERIAL COMMAND 

The Chief of Naval . Material (CNM) is 
:"^responsible. for providing the material support 

needs of the operating forces for equipment, ' ■ 
« weapons or 'weapons' systems, materials, 
facilities, and supporting services. He also 
formulates and effectuates policies and methods 
of procurement, contracting, production of 
materials, and of jprocureraent and contracting 
services throughout the Navy. CNM heads five 
principal subordinate commands. Two of these 
coipmaitds are concerned with aviation supply 
and are discussed below. 

Naval Supply Systems ' „ . 

-Command (NAVSUP) > , ao 

NAVSUP is ^responsible for supply 
management policies and methods tmd provides 
ASO with the following: 

1 . Command guidance and supply system 
policy, 

2. Operating funds for civilian -salaries, 
.office_ejq(uipment and supplies, and travel. 

3. Navy Stock Funds for financing 
procurement of consumable aeronautical spares. 

Naval Air Systems 

Command'(NAVAIR) . 

NAVAIR is responsible for Navy and Marine 
Corps aircraft, and airborne weapons systems, 
and other aviation-related equipment, and the 
systems integration of aircraft weapon systems. 
NAVAIR provides ASO with the following: 

\f Technical guidance. 

2. Weapons systems program data. 

3. Funds for the procurement of 
aeronautical repairables. ^ 

niviatioirrSi^^ (ASO) 

The ASO is the primary Navy Inventory 
~ Control Point responsible for material support * 



of the Naval Aviation Maintenance Program with 
respect technical aviation material. Such 
materiafconsists of spares and spare parts for 
aircraft and engines, and for avionics, electrical, 
^ccessory, safety, ground suppbrt, aeronautical 
photographic, and meteorological equipments. 
Thp ASO's responsibihties include; but are not 
limited to, the f9llowing: ' 



(l)The computation of aviation 
requirements in both' range and depth. This 
responsibility includes conducting, and 
coordinating provisioning conferences, and the 
identification and transfer of items to be 
managed by DSA (Defense Supply Agency) and 
other cognizant ICPs. - 

(T ) The budgeting and funding of aU 
assigned aviation material requirements. 

(3) The . pfpcurement of material directly 
from iridustiV' ojr via other government agencies. 

(4) The allocation of NAVAIR procured 
materials to stock points; the distribution oT 
material to fill replenishment stock 
requirements; and the referral of requisitions to 
stock points to meet end use requirements. 

(5) The disposal of materials that are in 
excess of system requirement^. 

/6) T-he maintenance of aeronautical spares 
and spare parts catalogs. The catalog function 
includes obtaining National Stock Numbers 
from the Defense Logistics Systems Center., 

(7) The determination of system asset 
rework requirements of repairable components 
to be processed by Naval or commercial rework 
facilities. 

(8) Tlie development, issuance, and updating 
of initial outfitting, allowance, and load lists 
applicable to the NAMP. 

APPROPRIATIONS 

At one time or another, almost everyone has 
had the frustrating experience of not being able 
to draw from supply some item that he thought 
necessary to have immediately; the usual reason 
given being, "We don't have any money left." It 
takes only a short time to realize that the Navy 
does not operate with unlimited funds. This 
section .and the following section, titled 
"Allotments," are presented to further an 
understanding of the system whereby funds are 
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made available . at the user activity level for 
operating expenses. . ' 

The main^money pool of the government is . 
the General Fund. of the Treasury. Funds come 
into the General Fund from such sources as' 
. income taxes, excise taxes, import-export tak^s, 
etc. The only way for money to be expended 
from the General Fund is by congressional 
/action, which has to be , approved by the 
' President. A bill passed by Congress which' 
authorizes the expenditure of furlds from the 
General Fund is called an appropriation. 

An estiigate of the amount of money 
required* for the operation of the Defense 
Department during a given fiscal yeaV is prepared 
by Department of "Defense fiscal experts well in 
advance of the beginning of the fiscal year. The 
Congress studies the proposed budget irt , the 
light of world affairs, the current domestic 
econohiy, and such other considerations as they 
see fit, then acts upon it. They may increase the 
amount requested, decrease it, or pass it as 
submitted. After presidential action is 
completed, the money is made available to the 
Department of Defense to be spent during a 
specified year. This is known as an "annual" or 
"hyear" appropriation. 

Congress and the President may also approve 
"no-year" appropriations for special projects 
such as large construction over an unspecified 
length of time . Another fgrm of appropriation is 
the "multiple-year" appropriation for projects 
which will be completed in a predictable length 
of time. An example of this type of 
appropriation might be the money appropriated 
to cover the expenses of the NROTC college 
programs for the next 4 years. 

The appropriation by which the AE is most 
affG.cted is the current year appropriation. After 
the appropriation or expenditure authorization 
is received in the Department of Defense, it is 
prorated among the services as a percentage of 
their previously submitted budget estimates. 
The Navy's share is prorated among the various 
bureaus and commands in essentially the same 
martyr; that is, as a' percentage of their 
estimated requirements for the coming fiscal 
year. The money to be spent for naval'aviation is 
made available to. the Chief of Naval Operations. 
Here, part of the money is allocated to ASO for 
the purchase of aircraft spare . parts in quantities 



which past usage data has indicated will 
prob^ably be sufficient for the coming year. 
These spare parts arq furnished to the operating 
activities at no cost since their usage has been 
anticipated and the items paid for in advance. 
The account from which money was spent to 
buy these items is known as the Appropriation 

^ Purchase Account (AP A). Material received in 
the user activities from this accpunt is known as 
APA material. 

^ Another paft of the Ch\^f of Naval 
Operations ^ funds is made available to the 
operating activities iTT'the form of operating * 
budgets. 

OPER^ATTNG BUDGETS 

Budgets concerning naval aViation are 
authorizations by the Chief of Naval (Operations 
to the user activities to spend a certain amount 
^^f money during a giv€Ji length of time for 
specified purposes. User^ activities are shore 
commands which operate aircraft, and.the meijor^ 
air type commanders, ^tajor air type 
commanders are Commander, Naval Air force, 
Atlantic (COMNAVAIRLANT); Commander,' 
Naval Air Force, Pacific (COMNAVAIRPAC); 
and Cliief of Naval Air Training (CNATRA). 
Operating fupds for squadrons and units are 
apportion,ed to them by their type commander 
as an Operating Target (OPTAR). Routine 
nonaviation expenses fbr operating squadrons 
and units are absorbed by the ship or station to 
which assigned. . 

Flight Operations Budgets 

Major air type commanders and shore 
commands which operate aircraft are furnished 
this budget by the Chief of Naval Operations. 
The OPTAR provided to fleet squadrons and 
units by their type commanders is a quarterly 
segment of these funds. Unused funds revert to 
the control of the 'type commander as each new 
OPTAR is authorized. Type commanders 
provide OPTARs to all squadrons and units 
under their operational control, whether or not 
' the ffser activity is based ashore. Shore station 
commanders have no responsibility for providing 
money for the operation and line maintenance 
of aircraft of tenant fleet activities. 
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Funds .allotted for tlie fliglit operation of 
aircraft are used only in direct support of the 
actual flight of the aircraft. .By iFar the greatest 
expenditures against this budget are for fuel and 
oil. Qther materiats that may be purchased with 
this*^und include crewman's flight clothing/ 
liquixl oxygen (LOX), and squadron 
administrative consumable office supplies. 

Aviation Fleet Maintenance Budget ■ 



mjBBds arc furnished this 
i^BB^NavVl Operatior^, -then 
n~f 



Air type comi 
budget by the Chid 

the air type coipmanS^ furnishes f^nds to ships 
bjf OPTA'R. These' funds' are'proyided to finance 
the cost ^of . intermediate and. organizational 
levels of maintenance. These, costs include the 
following: 

Technical repair p a rti;^:-' common 
hardware, lubricants/ cleaning' agents,' cutting 
compounds^ metals, etc., incorporated into or 
expended in the performance of aviation 
maintenance of aircraft, \ aitcraft engines, 
aeronautical components and subassemblies, arid 
Navy maintenance of ttie Naval Air Systems 
Comrn^d authorized maintenance support 
equipment. , 

^ 2. Fuels and lubricants Consumed by 
aircraft engines during engine build-up,, change, 
or during maintenance. ''^ 

3. Preexpended, consumable maintenance 
material. • 

4. Replacement of consumable/expendable 
allowance list items. 

MATERIAL IDENTIHCATION 

Aviation maintenance personnel work 
closely with the aviation storekeepers in keeping 
aircraft in an *'up" status. In order to obtain 
replacement parts as rapidly as possible, you 
must know how to determine tlie ^ource pf 
supply of different items. For example, you may 
waste many hours trying to find out that the 
item is to be manufactured within your own 
activity. Also,, it is important to know the 
correct stock number and cognizance symbols 
used to requisition items from supply. 

The cataloging system developed by the 
Department of Defense is such that it identifies 



~ ^ ^ 

with one nam^ and stock number any ..item of 
supply that is carried in any or all government 
agencies. In the . procurement^^ material it is 
normally ' necessary to identify your material 
requirement in the, medium understandable to 
the supply system. f 

NATIONAL STOCK NUNiBERS 

Prior to 195i2, each of the services had its 
own numbering system for identifying, 
cataloging, stockingi^ and issuing items of 
military supply. ItVas not unheard of. that one 
service \yould be negotiating on the opbn market 
for an item that was held in surplus by another 
service l!nder its own stock number. This 
confusion resulted in the passage in 1952'of the 
Defense^ Cataloging Standardization Act. 

Implementation of the Defense Cataloging 
Standardization Act has resulted in a reduction 
of ,item duplication between the services by 
providing for one* stock number for each item, 
regardless of the use of the item or the using 
activity. . 

The standardized numberi;ig system was 
intendied tp create and improve standardization 
of items of military sUpply in servicewide use 
and reduce excess inventories which, for the 
most part, were caused by lack of 
standardization. Also, reduction of excess 
inventories eliminates much financia-1 loss due to 
material obsolescence. 

Originally these stock numbers were known 
as Federal Stock Numbers (FSN), but were 
changed to ' National Stock Numbers (NSN) in 
1974 in order to comply with item 
identification requirements of the Status of 
Forces Agreement of the NATO members. 

NOTE: While reference in this chapter is 
made only to the military application, it should 
be noted that' the National Stock Numbering 
System is the prime numbering system for all 
federal agetlcies*. ~ 

Types of Stock Numbers 

In the Navy, ASO uses National Stock 
Numbers with prefixes composed of 1, 2, or 3 
symbols, and suffixes Composed of 2 characters 
which may be all letters or a combination of 
letters and 'Jnumbers. When the prefixes and 
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Table 2-1. -Breakdown of a Coded National Stoctc Number 



2R 



H 
i 



F 
i 



2 RHF 1560-123-00-4567-BF 



1560 

r 



00-123-4567 



BF 



t 



Special Material Identification 
Code(SMIC) 



-Rational Item Identification Number (NUN) 



^Federal Supply Classification Code (FSC) 



^Material Condition Code* 
^Material Control Code > 



^Cognizance Symbol 



*These codes Will not appe^ in the Federal 
Stock Catalog; they are used oilly for 
material turn-in. ^ / / 



suffixes are used, the stock number becomes a 
jNfavy Coded National Stock Number, (See table 
2-L) A 

' IV^Tfp/ the first prefix symbol is used, it 
/|iesijgha^&4he command or office having control 
'Oh:^j^'0^cQ of a particular item. Some of the 
m6re*6ommon cognizance symbols, together 
with the type material controlled and the 
cognizant command or office, are listed in table 
2-2. 

Many variations of coded stock numbers will 
be encountered' in field maintenance work, 
These variations indicate material management 
responsibilities for the item; flag certain items as 
recoverable, consumable, high value, etc.; and 
identify the condition of the material if it is not 
ready for issue. 

. Because the variety of codes is so extensive 
and the trend to single service management of 
items has caused so many changes in recent 
years, a list of codes that might be prefixed or 
suffixed to a stock number would not be 
appropriate for this manual. The primary things 
to keep in mind are that the basic stock number, 
consisting of four groups of numerals, identifies 
the item from a technical point of view, and that 
the other codes identify material management 
characteristics. 



STANDARDIZATION OF 
ITEM NOMENCLATURE 




The assignment of names or stock items is as 
^important as the assignmept of National Stock 
Numbers. When items ate inducted into the 
supply sy stem, official government 
nomenclature must be assignee!. Often this item 
name plus additional descriptive data will differ 
l^rom names * of items ^previously used. If 
difficulty is experienced in locating a familiar 
item in the 'catalog, it is cjuite possible that the 
name has been ^changed," to conform to a more 
general usage. For instance', it will be found that 
a "swab" is a small stick with a 'tiny wad of 
cotton on one erTd,^hd is used By the Medical 
Department. In order to clean the decks it will 
be necessary to ^think of another name for 
*'swab," Now, "mops" will be found listed, 
together with the correct National Stock 
Number. Other examples are as follows: 
"Ceilometer", /becomes 'Trojectof, Cloud 
Height"; "Zipper" has become "Fasfener, Slide 
IntQ.rlocking," etc, 

MATERIAL IDENTIFICATION AIDS 

Ther^ may be times when a part or some 
technical material is needed and the stock 
number, is unknown* At other times some 
material may be on hand and its identity not 
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^ble 2-2.-Cogn!; 



Cognizance symbols 



Symbol 


Cognizant activity . 


Material controlled 


ni 

1 11 


iNdvai ruDiicaiions ana rorms LeniC^ 


Publications. 

rorms. > . k"^^^ 


IR 


Aviation ^^iinnlv Offirp 

i\.y x(x\,i,\Jii kju^^ijr vyillUC* 


consumaDie ronautical material. 


2G 


Navy Ships Parts Control Center. 

v. ■ ■ ■ ' 


. Electronic repairable f)arts to suppog^ 
5layal Air System Command equip- 
ment. . \ ^ 


2R 


/vvii^nuii ouppiy i^mcc. 1 Si 


* Repairable aeronautical material. 


2V 


Naval Air Systems Conynand. 


i ^ Aeronautical support equipment. 


8R 
' 9G 


Naval Air Systems Command. . 
Navy Fleet Mit^tial Support Office. 


^ Major aeronautical systems and ^ 
equipment. 

Navy-owned stocks 3f defense general • 
material. \ 


9N 


■ ' v., y . 
Navy Fleetgj^terial Support Office 


^ Navys)wned stocks of defense ^ 
electronics material. 


■ t 



positively known. A knoNvledge of the several 
methods by which materia)rmay be identified is 
very helpful in speedingnthe completion of a 
maintenance -task^ There are many^ways material 
may be identified. Certain data may be available 
which does not identify an item-but may lead to 
positive identification. An afa-craft part has a 
part number. The part number may. be looked 
up in the IPB and identified by nomenclature 
and often by the stock number. If the stock 
number is not furnisll/ed in the IPB, it may be 
found by referring to Cross- Re fere nee Section 
C0006 of the Navy Stock List of ASO. 

Some 'equiprrients have attached nameplates 
which provide such information as the 
manufa,cturer's name, hiake or mode^ number,' 
serial number, size, voltage, phase, etc. 
Identification data taken from thje i}am plate oC^ 
the old part can be very helpfuLpr' procuring a 
replacement. I , 

When only the description of the item is 
known, the best sourofe for identification is' the 
descriptive sections of the vsfrious Njavy Stock 
Lists. 



Various publications used in identifying 
material * are described in the foUowing 
paragraphs. , , 

NAVSUP Publication 2002 ' : 

> NAVSUP Publication 2002, Navy Stock Lirt^"" 
of Publications and Forms, is now in -the 
microfiche form consisting of three sections as 
follows: 

I. This section lists publication and form 
numbers in ascending alphabetic/numeric 
sequence . cross referenced to a basic stock 
number with title/nomenclature and revision 
date. After obtaining the stock nui?iber in this, 
section, reffer to section three for additional 
inforrnation. ' ' 

11^. This section lists publications and forms 
.by title/nomenclature cross referenced to w basic 
stock number. 

III. TmS section lists publications and forms 
by stock number. NAVAIRSySCOM Technical 
Directives -are Ijsted in this section immediately 
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following the stock number listing of 
publications and forms, ' , 

The publication entitled ^'Introduction to 
Navy ' Stock lAsMof Publications and Fofnts" 
should • be con^ltea- when usi^g the 2002 listing. 
It furnishes 'requisitioning' instructions for 
various' forms, pubUcations, a-id lacards,'and 
provides the necessary codes v used when 
looking up technical directives.^ _I : 



Illustrated Partp Breakdown (IPB) 



Illustrated Parts Breakdown Usts are 
probably the most important tool for 
identification of aeronautical material. As a 
senior- Petty Officer, you are undoubtedly 
familiar, with them. However, due to the 
importance attached to them as a material 
identifrcation source, they are discussed bri&fly 
in the following paragraphs, f , 

IPBs are compiled by the manufacturer for 
pach aircraft model in naval use. IPBs are also 
available for aircraft engines, individual 
accessories, and equipments, 

IPB$ for an aircraft may consist of only one 
volume, as with the T3^ir craft, other IPBs- may 
consist of several volunrcs. SignificaAt variations 
in format dt|* IPBs makes it necessary for one to 
become thoroughly familiar vv^W^the IPBs 
pertaining tc5^^h6- aircrj^ft/equiiJf^nt he is 

maintaining. > ^ . 

The IPBs pertaining to the^ S3 aircraft 
(NAVAIR 01-S3AAA-4 Series), consisting of 
fifteen separate volumes, js cited as an example 
of the vast amount of information available on 
parts'wi^hin modem weapon systems. 

The first manual in the series, 4-1, contains 
the Introduction; it also contains the Numerical 
and Reference Designation Indexes. A thorough 
understanding of this section is a must in order 
tQ> become proficient in the use of the system 
IPBs. Some of the information presented in this 
section is as follows: 

L The^ Introduction provides helpful 
information on using the Index and the. various 
IPBs.^ This includes information on Source, 
Maintenance, dnd Recoverability (SM&R) codes, 
usable on codes, and other codes used 
throughout the manuals. 



( 



While you. might fmd it difficult to 
remember all th^ various codes, it as certainly 
necessary that you know wHere to find them 
^d how to apply their usage to yohr particular 
aircraft/pquipment. A partiar listing- of $M&R^ 
codes is found later^in thig chapter. Of dering.^^^ 
part with a source code of MG^would be a waste'/. * 
of time since it is suppo.sed to be manufactured 
within, IMAs, Likewise, '^a partj^rderea without 
consulting the "usable on codos" could; be 
received as an improper replacement . for the 
aircraft concerned, ^ 

II, * .Numerical Ihdex of Part Numbers* This i^ 
an alphanumerical list of all part numbers in the 
fourteen system manuals. Each part is cross 
referenced to a publication numbei* and 
figure/index number. The applicable SM&R 
code is also provided here. 

" *v ■ 

The remaining volumes of the S3 IPBs ar^ 
aircraft system oriented, excluding the 4-15 
entitled Ground Support Equipment. It provides 
'a list of special and miscellaneous tools, and-; 
handling and test equipment to be usecf with.the \ 
S3 aircraft, ^ * 



AERONAUTICAL , 
ALLOWANCE USTS f ^ 

Aeronautical allowance lists are Mists of/ 
equipment^i^d material, kno>Yn or' estimated to * 
be required; to place and maintain aeronautical 
activities ia^-material readiness condition. These 
lists coiltain substantially all items us,ed with 
su'fficient frequency to justify* their issUfSwce to • 
ali activities maintaining aircraft or .equipment 
for which the lists are designed. ITiey also 
contain information concerning stock number, ^ 
nornenclature, interchangeability , and 
supersedures. Keep in mind that allowance lists • 
normally contain support equipment allowed to 
maintenance personnel consistent with their ? 
assigned level of maintenance. Initial outfitting 
lists contain material of a spare parts natuie • 
^required for mai^itenance af 
aircraft/equipments. Materials listed in the initial 
outfitting lists are normally held in supply 
stocks and, under most conditions, are not 
authorized shop spares. , 
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Publications listing equipment and material 
required for performap«e .of specific functions 
are known as Tables df Basic Allowance. They 
contain both shop ^uipment and common 
supporting spare parts. They cover allowances of 
tools and equipment required for use by such 
activities as Fleet Marine Force squadrons and 
guided missile activities. 

Aeronautical Allowance Lists are reissued in 
accordance with reissue cycles established by the 
Naval Air Systems Command, or sooner, if 
required. Interim to reissues, the Hsts are 
maintained current by letters and by the 
issuance of Change Pages^and Change Bulletins. 
Change Bulletins, which are official pubHcations, 
are issued by ASO on a periodic basis. They are 
numbered in consecutive numerical sequence 
within each calendar year, and are distributed to' 
holders of allowance lists. For further 
information on the various allowance lists 
consult the Material Management chapter of 
OPNAVINST 4790 (Series). 



MATERIAL REQUISITIONING 

Maintenance personnel are apt to. encounter 
a variety of local requisitioning channels, all 
designed to present a demand for an item to the 
supporting supply department/ Assigned levels 
of maintenance, geographical location of shops 
relative to supply facilities, and mission of 
activities requiring support all influence the local 
requisitioning channels. Local instructions 
normaUy promulgate detailed procedures for 
subriiitting your demand to the appropriate 
supply point. 

SUPPLY FUNCTIONS 

The mission of the supply activity is to 
support the operational and maintenance efforts 
of the activity/ship. Stocks of aviation oriented 
material carried are tailored and replenished to 
this end. Positioning replenishment, and control 
of stocks of material in maintenance areas are 
carried out as a result of joint decisions by the 
Supply and Maintenance Officers concerned. 
They determine the range, depth, and relajed 
procedures. The Navy Maintenance and Material 
Managenient System (Aviation) requires that the' 



cost pf material used in maintenance be 
determined and accumulated in such ^manner 
and detail that weapons system costing can be 
measured. Usage is finely defined as to stock 
number, within component, within system, 
within e^uipment/weapon/aircraft, in a 
particular Csquadron, located in a specific 
operational^ area,, at a definite point in time. 
Tliese dita are used as an inventory management 
tool to determine geographic and strategic 
distribution of stocks of material. In addition, 
the data will be invaluable in establishing the 
material portions of work standards in^ 
maintenance. 

Material requirements of a work center are 
made known to the Material Control Center- 
(MCC) within the " organization. This 
requirement is forwarded frdfni* the MCC to the 
Supply Support Center (SSCf which re4>onds^to 
all material requirements of the maintenance 
organizations. The SSC is an internal 
organization of the local supply activity. It is 
made up of two sections-the Supply Response 
.Section and the Component Control Section. 
Supply support is available consistent with the 
operating hours of the maintenance activities 
supported. If maintenance is being performed 24 
hours a day, then supply support is available 24 
hours a day. * * 

The Supply Support Center maintains 
rotatable pool material which consists of 
repairable ready-for-issue items reserved 
prjmarily to satisfy the requirements of 
organisational level maintenance. Defective 
components are turned in to intermediate 
maintenance for repair. The defective 
componerrts repaired to an RFI condition are 
then returned to the rotatable pool to replace 
the components previously issued. 

Low value, fast moving consumable items 
are preexpended from supply. Such materials are 
locateds^^ the maintenance area*; and the 
establishment, maintenance, and replenishment 
of preexpended bins are the responsibility of the 
supply organization. 

Supply Response Section ^ 

, The Supply Response Section ^SRS) is 
responsible . for preparing all necessary 
requisitions (DD Form 1348) and telated 
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documents required to obtain material for local 
maintenan. use in' direct support of weapon 
system maintenance. Material control of the 
maintenance organization notifies the supply 
organization of the need of such material. When 
material is available locally, the time frame for 
processing and delivery is as follows: 

Priority Process/delivery time ^ 

1-3 1 hour 

4-8 ^ 2 hours 

9-15 24 hours : 

Delivery time varies for materials tliat are 
not on the station. Tlie important point is to 
have a systematic folio wup procedure for all 
material on order. Should the anticipiited 
delivery time be too long, of the order cancelled, 
other arrangements must be^made to acquire the 
needed material. 

'the SRS is responsible for receipt,, 
and issuance^ of all ready-for-issue pool 
components. It is responsible for physical 
delivery of RFl material to maintenance 
organizations, and the pickup of defective 
components from the* organizational 
maintenance activity, and subsequent delivery to 
the intermediate maintenance activity. Actual 
maintenance personnel are not involved in the 
physical movernent of material between 
organizations. 

This section also performs technical research 
in regard to completion of requisition 
documents as well as determining the status of 
outstanding requisitions and relaying this status 
to the customer. 

Component Control Section 

The Component Control Section (CCS) 
accounts for all components being processed in 
the iKtermediate maintenance activities. This 
section also maintains records on^he status of 
all rotatable pool components- In addition, the 
CCS is responsible for initiating disposition 
action on components that cannot be repair^ 
by the local intermediate maintenance^ activity. 
Using listings and directives from invent(5ry 
managers, screening personnel deterrtJine 
disposition of components in question, including 
prospective consignee and packaging and 



preservation requirements, prior to movement of 
material., 

MATERIAL CONTROL FUNCTIONS 

Material control serves as the single ^oint of 
contact within the maintenance organization for 
the conduct of business with the . supply 
organization. 

When an organization is in need of a 
component, the production work center 
requesting ^e material furnishes identification 
of the required item in the form of a part 
number and manufacturer's code from an IPB or 
other technical reference. The request is 
forwarded tluough maintenance control for 
assignment of a priority indicator and project 
code. Then the request is passed to material 
control, and forwarded to the SSC. 

Material control provides material support to 
the cognizant organization by: 

1. Ensuring that maintenance requirements 
for parts and material are properly forwarded to 
the SSC in a timely and continuous manner to 
prevent work stoppages and aircraft g^ounding^ 

2. Ensuring that parts and material received 
* are expeditiously routed to applicable work 

centers and are not allowed to accumulate. 

3. Establishing delivery/pickup points for 
all material as mutually agreed on by Supply and 
Maintenance Officers. 

4. Maintaining liaison With the supporting 
SSC on maintenance material matters to ensure 
tliat material needs of the organization are 
satisfied. . • 

5- Preparing documents for materials 
required for operational support of weapons 
systems (i.e., material chargeable to funds such 
as aviation fuel, lube oil, flight clothing, etc.) and ' 
material' carried in SERVMART/JETMART 
(Service/Jet Market) outlets. 

Furnishing technical advice and 
in'orm.uion to the supply activity, on the 
ici and quantity of supplies,- spare parts 

and materials. 

7- Establishing procedures to ensure 
periodic inventory of tools and adequate 
accountability of material and equipment in 
custody. 
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8. Initiating surveys in the event of loss, 
damtigc, or destruction of accountable material. 

9. Keeping Maintenance Contr^ advised of 
the overall supply situation and its effect on 
maintenance. 

10. Performing memorandum and/or 
OPTAR (Operational Target (Funding)) 
accounting, charting, and budgeting of costs. 

1 1. Establishing procedures to ensure proper 
operation of tool rooms and the custody/control 
of accountable items. 

12. Maintaining inventory control of 
authorized allowances of material listed in the 

^rMRL and authorized allowance lists. 

13^ Verifying NORS/NFE requisitions daily 
and maintaining current records on the status of 
same. 

14. Maintaining an inventory (with technical 
assistance) of aircraft upon receipt or transfer, 
and ensuring that inventory log entries are made 
aiid that inventory sliortage listings are prepared 
and forwarded to Maintenance Control for 
inclusion in the aircraft inventory record. 
(Applicable to OMA only.) 

15. Maintaining control/records to ensure 
the turn-in of defective components within 
established time frames. 

Some functions applicable only to the 
intermediate level of maintenance are listed in ' 
the following paragraphs. 

Intermediate Level 

An Administrative Screening Unit has been 
established m Material Control of intermediate 
maintenance activities. This screening unit does v 
the following: . 

1. Positively identifies material and 
determines if it is within the repair capability of-^ 
the Aircraft Intermediate Maintenance 
Department. 

2. Ensures that all required documentation 
is affixed to the component (i.e., logs, records, 
VIDS/MAF, etc.). 

3. Notifies maintenance/production control 
of the receipt of defective components for • 
scheduling into the AIMD. 

29 



4. Transfers the defective components to 
the appropriate work center when directed by 
maintenance/production control. 

All components received the AIMD 
material control receive screening to determine 
if the item is within the check, test, or repair 
capabiUty of the AIMD. As a result of this 
screening, components requiring maintenance 
within the AIMD' capability are reported to 
maintenance/production control as, ready for 
induction. Items beyond AIMD capabihties are . 
returned to the Supply Support Center with 
appropriate recommendations for disposition. 
When work on components in the AIMD has 
been completed, the components, together with 
required records, are returned to Material 
Control for appropriate routing. ' 

MILSTRIP 

The Military Standard Requisitioning and 
Issue Procedure (MILSTRIP) and Uniform 
Material Issue Priority System were developed 
by the Department of -Defense. They provide a 
common supply language and more effective 
supply system operations within the military 
establishment. This system standardizes forms, 
formats, codes, procedures, and the priority 
system. 

MILSTRIP employs two forms for the 
requisitionm*g and issuing of material. The Single 
Line Item Requisition Document (Form DD 
1348) is the basic request document submitted 
to the applicable supply echelon for material 
requirements. The issu^ document is the Single 
Line Item Release/Receipt Document (Form DD 
1 348- 1 ), which is also used to return RFI 
material to the supply system. These forms will 
be prepared by the Supply Response Section of 
supply for all material requested in direct 
support of weapon system maintenance, and by 
Material Control for material requested m 
indirect support of weapon system maintenance. 

Uniform Material Movement aind 
Issue Priority System (UMMIPS) 

In this system, the priority designator is 
determined by a combination of factors. These 
factors relate the military importance of the 
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Table 2-3.-Priority number chart 



Force/ 
Activity 
Designator 


A 

Unable 
to 

perform 


B 

Impairs 
capability 


C 

Routine 


I 

Combat 


• 1 


4 


11 


II 

Positioned 


2 


5 


12 


III 

Ready 


3 


6 


13 


IV 
Reserve 

and 
support 


7 


9 


14 


V 

Others 


8 


10 


15 



requisitioner (force/activity designator) and the 
urgency of need or end use (indicated by an 
urgency-of-need designator). The force/activity 
designator (FAD), (a Roman numeral I-V) is 
assigned by the Joint Chiefs of Staff (JCS), 
Chief of Naval Operations (CNO), and Navy 
commanders, 

Every . activity is assigned 1 of 5 
force/activity designations according to its 
military importance. (See table 2-3.) These 
designators are as follows: 

I-COMBAT-The highest order of military 
importance. This designator is not normally used 
in peacetime unless approved by the President or 
the Joint CHiiefs of Staff. 

II - POSITIONED-United ^ States combat, 
combat ready, and direct combat support forces 
deployed outside CONUS iii sj^ecific theaters or 
areas designated by the Joint Chiefs of Staff, 
and those CONUS forces being maintained in a 
state of combat readiness for immediate (within 
24 hours) deployment or employment. 



III - READY-AIl other United States 
combat ready and direct combat support forces 
outside CONUS not included under designator 
IL 

IV - RESERVE AND SUPPORT-U.S, active 
and selected reserve forces planned for 
employment in support of approved joint war 
plans. This category includes training units and 
units in training for scheduled deployment, 

V - OTHERS-AU units ^ not, otherwise 
assigned, including administrative/staff type 
units. 

The FAD is correlated with an urgency of 
need of a material requirement to determine the 
priority assigned to requisitions. For example, 
FAD II activities can submit priority 2, 5, or 12 
requisitions; for material, depending on the 
urgency of the requirement as related to mission 
readiness, while FAD HI activities would submit 
priority 3, 6, or 13 ^quisitions for 
corresponding requirements, ' > 

The priority assigned to individual material 
requisitions is assigned by maintenance control 
in accordance with the military importance and 
the urgency of need of the item. Abuse of the 
priority system dilutes the effort that the supply 
system can devote tgunits directly involved in 
combat. Instructions for^the assignment of FADs 
are promulgated by OPNAVINST 4614,1 (Series) 
are implemented by Fleet Commander and Sup- 
port Commander instructions. 

The urgency-of-need designator (an 
alphabetical A, B, or C) is determined by 
maintenance control in the requisitioning 
activity, with certain exceptions, These two 
factors (FAD and urgencyrof-need) enable the 
requisitioning activity to determine the UMMIPS 
priority designator (arabic numeral). Refer to 
table 2-3. 

PARTS KIT 

Supporting items, and material for the 
maintenance, repair and rew9rk of selected 
aeronautical repairable items are pi^cured, 
stocked, requisitioned, accounted for, and used 
on a kit basis as a one-time item. Items included 
in parts kits are procured in aaiiordance with the 
definitiQns outlined below. The term parts kits, 
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as used herein, should not be confused with 
change kits which are procured and issued to 
perform a one-time modification of an item. 
Definitions for pafts kits codes are described 
below, 

< 

C Kit-Cure-Dated 
Component Kits 

Applied to kits that contain cure-dated items 
such as diaphragms, packings, and 0-rings. A C 
kit may also contain soft goods not subject to 
age controls, such as gaskets and seals, and 
metallic items such as screws, nuts and washers. 
Any metallic item placed in a C kit is not 
duplicated in the D kit. When mixed categories 
of cure-dated parts are packaged in a single 
container, the control or cure-date of the 
package is that of the oldest cure-dated part 
contained therein. Also, the range of cure-dated 
items does not exceed one calendar quarter. Age 
of C kits is expressed in calendar quarters. Kits 
are considered to be a ^calendar quarter older 
only after expiration of a given calendar quarter. 
When cure-dated kits become overage due to the 
expiration of the storage limitations, the kit is 
administratively disposed of as excess material. 

D Kit-Overhaul Kit - 

Applied to kits that provide hardware repair 
parts required at' the time of overhaul and that 
.are available only to activities authorized to 
perform major overhauls. Does not contain 
cure-dated' items. 

F Kit-Fleet Kit 

Applied to kits- that provide items to be 
replaced at organizational levels of maintenance. 
These kits are available to activities authroized 
to perform organizational or higher level repair; 
this includes major repair activities in support of 
fleet maintenance. Replacement of F kit parts 
normally does not require special tools or 
equipment. F kits do not contain cure-dated 
items. 

Part numbers for applicable parts kits for 
intermediate and organizational maintenance are 
listed in the Illustrated Parts Breakdown and the' 
Maintenance Instructions Manual. Components 



of kits are additionally identified in the 
Illustrated Parts' Breakdown by a footnote and a 
symbol appearing to the right in the part 
number column and indicating which items are 
furnished in the kit. The Maintenance 
Instructions Manual utilizes a symbol keyed to 
the illustration to indicate parts furnished in the 
kit. 

Presence of a new part in an appUcable parts 
kit eliminates ' the necessity - of cleaning, 
inspection^ or rework of the equivalent part 
removed from the assembly being repaired. 
Removed parts in this category must be 
administratively condemned. Removed parts not 
supplied in applicable kits must be handled in 
accordance with instructions contained in the 
Maintenance Instructions Manuals. 

Detailed instructions on parts kits are 
contained in BUWEPS Instruction 4423,8 
(Series). 

PREEXPENDED BINS 

Fast moving consumable items with a unit 
cost of $25.00 or less may be preexpended. 
Items having a unit cost exceeding $25.00 may 
be preexpended with the approval of the 
commanding officer. In either case the inventory 
at any one outlet wiU not exceed an estimated 
30-day supply. 
• > 

Specific items added to or deleted from the 
bins are determined jointly, by the Supply 
Officer and the Maintenance Officer having 
cognizance over the ishop in which such bins are 
located. 

The quantity of each item preexpended is 
determined by the Supply Officer based on 
usage data or expected demands. 

Preexpended bins are located, in the 
maintenance area. However, the Supply Officer 
is primarily responsible for proper management 
and maintenance of the bins, including display, 
labeling, and initiating replenishment when 
required. 

The supply department reviews the bins at 
least biweekly to determine replenishment 
actions, and corrects any mixing of items. 
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ROTATABLE POOLS 



Rotatable pools consist of a rangfj^ of 
selected components maintained by a specific 
maintenance activity, bji custody from' the 
'supporting supply department. The items 
. generally carried in the pool are those required 
to sustain operations where immedigite 
availability is essential. The range and quantity 

*' of items to be carried in the pool are subject to 
the recommendations of the maintenance 

0 activity. The items carried should have. 
appUcation relationship to weapons systems 

^. supported by the local AIMD, be repairable by 
the local AIMD, and have an average removal rate 
of at least one per month. Aircraft wheels, tires, 
avionics assembUes, propellers, and built-up 
engines are examples of items that might be 
included in the pools. The supply department 
establishes the rotatable pool stock and 
prescribes detailed procedures for operation and 
control of the pool. 

ACCOUNTING FOR 
MATERIAL IN USE 

Accounting for material does not cease when 
it is withdrawn from the supply department. It 
is at this point that the accounting responsibility: 
passes to the appUcable maintenance personnel. *- 

AIRCRAFT PARTS ^ ^ 

Normally, accounting for aircraft parts, 
drawn to replace similar defective parts is 
satisfied when the part is installed on ttie 
aircraft. No further custodial records are 
required. Accounting for materials drawn for 
general maintenance is satisfied when the 
material is consumed in the authorized 
maintenance work. In these cases it is actually 
the removed defective material that requires 
additional action to ensure its accountabiUty 
from the time it is removed until it is returned 
to the supply department. 

JOINT SERVICE UNIFORM SOURCE, 

MAINTENANCE, AND RECOVERABILITY 

(SM&R) CODES 

* . . ' 

In 1972 the Navy adopted the Joint Service 

Uniform SM&R codes. These codes ^pear in all 



P A 0 D, D 



SOURCE CODE . 
^ (FIRST 2 
POSITIONS) 



MAINTENANCE CODES 
(POSITIONS 3 AND 4) ' 

RECOVERABILITY CODE 
(POSITION 5) 



208.272 

iFigure 2-1.— Component parts of Joint Service Uniform 
Source, Maintenance', and Recoverability Code (SM&R). 



,new maintenance ajid supply publications; 
however, some of the older aircraft publications 
still contain the Navy coding system. So, once 
again, it is imperative that you be thoroughly 
familiar with the coding system in the 
publications you are using. 

The "SM&R codes are five position codes 
used- to identify the source of spares, repair 
parts, and items of support equipment and the 
levels of maintenance authorized to use, 
maintain, overhaul, or condemn them. 

Figure 2-1 sho>vs the component parts of the 
Joint Service Uniform SM&R code. The 
following paragraphs list these codes. 

Source Codes ^ 

The first and second positions of the SM&R 
code indicates the source qI" the itbm, e.g., 
procured, manufactured, or assembled. Some are 
listed here. 

PA — Item procured and stocked for 
anticipated or known usage that is not 
^ deteriorative in nature; 

PB — .Item procured and stocked for insurance 
purposes because essentiality dictates, 
that a iftinipium quantity be available in 
the ajfpply systems. 
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PC — Item procured and stocked and which 
otherwise would be coded PA except 
that it is deteriorative m nature. 

PD — Support item, excluding support 
equipment, procured for initial issue or 
outfitting and stocked only for 
subsequent or additional initial issues or 
outfittings. Not subject to automatic 
replenishment. 

PE — Support equipment procured and 
stocked for initial issue or outfitting to 
specified maintenance repair activities, 

PF — Support equipment which will not be 
, stocked but will be centrally procured 
on demand. 

PG — Item procured and stocked to provide 
for sustained support for the life of the 
equipment. (The use of this code has 
limited application in the Navy.) 

KD— An item of a depot overhaul/repair kit 
and not purchased separately. 

KF — An item of a maintenance kit and not 
purchased separately. (Replaced at 
organizational or intermediate levels.) 

KB — Item included, in both a depot overhaul 
repair kit and a maintenance kit, 

MO— Item to be manufactured or fabricated at 
organizational level. 

MF— Item to be manufactured.or fabricated at 
intermediate levels afloat. 

M.H— Item to be manufactured or fabricated at 
intermediate levels ashore. 

MG— Item to be manufactured or fabricated at 
both afloat and ashore intermediate 
levels. 

MD— item to be manufactured or fabricated at 
depot level. 

AO— Item to be assembled at orgarxizational 
level. 



AF — Item to be assembled at intermediate 
level-afloat. 

AH— Item to be assembled at intermediate, 
level ashore. * 

AG— Item to be assembled at both afloat anc^ 
ashore intermediate levels. : ' • 

AD — Item to be assembled at depot level. 

XA— Item is not procured or stocked because 
the requirements for the item will result 
in replacement of the next higher 
assembly. 

XB — Item not stocked. If , not available 
through salvage, requisition. (May result 
in direction to procure locally.) 

XC — Insftallation drawing, diagram, 
instruction sheet, field service drawing, 
that is identified by manufacturer's part 
number and not stocked in the supply 
system. 

Maintenance Codes . , 

Maintenance codes are assigned to indicate 
the levels of maintenance authorized to USE and 
REPAIR support items. The maintenance codes 
are entered in the third ^d fourth positions of 
the Joint Service SM&R code as follows: 

Third . . 

Position Removed, replaced, ar^ used at 

O Organization level 

F Intermediate levjel afloat . ^ 

G Intermediate levels afloat and ashore 

H . Intermediate level ashore 

D Aviation rework. Avionics and 

Ordnance Facilities, and Shipyards 

« 

L Designated specialized repair 

activities " • 
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Z • Not authorized to be removed or 
replaced at any level 

Fourth Lowest maintenance level for 
Position complete repair 



0 


Organizational 


F 


Tn fprmprl i^jf p 1p vpI ?a flr» o f 


H 


Intermediate level ashore 


G 


Intermediate levels afloat and ashore 




Depot level 


L 


Specialized repair activity 


Z 


Nonrepairable 


B 


No repair is authorized. (May be 




reconditioned by adjusting, 




lubricating, etc., at the user level.) 



Recoverability Codes 

Recover ability codes are assigned to support 
items to indicate the disposition action on 
unserviceable items. They are entered^ in the 
fifth position of the Joint Service SM&R code as 
follows: 

Code Definition 

■»..., 

Z Nonrepairable item. Condemn, and 

dispose of at the level indicated in 
column 3j " * 

O Repairable item. Condemn and 

dispose of at organizationah level. 

' F. , Repairable' item. Condemn and 
; . dis|Jose of at intermediate level 

afloat. , , 

H • Repairable item. Condemn, and 
dispose of at Intermediate level 
' ashore. , y - . ^ 

' G Repairable U^ip^. ^Ic^m^^ 

■ \' ' dispose; of at Mt^n^^RHPiP 

r-^i-u-afloat and ashore.V r >^^> i 



D Repairable item. Condemn and 

^ dispose of at depot level. 

L Repairable item. Condemn and 

dispose of at depot or, specialized 
repair activity. 

A Item requires special handling or 

condemnation procedures (precious 
metal, high dollar value, critical or 
hazardous material). 

The SM&R codes ^e initially assigned 
during provisio;iin^conferences. As experience 
and/or iteiyi usage develops, originally assigned 
codes may need to be changed. For example, 
repeated usage of an item source coded A, M, 
or X is proper justification for requesting a 
source code change to the P series. Maintenance 
activities should submit recommended changes 
via the UR (Unsatisfactory Material/Conditibn 
Reporting) system. 

For further infortnation on these codes refer* 
to NAVSUP INSTRUCTION 4423.14 (Series), 
and NAV AIR INSTRUCTION 4423.3 (Series). 

GROUND SUPPORT EQUIPMENT (G?E) 

Developing and supervising proper 
*^procedures to ensure the maintenance and 
accountability of GSE is- normally a prime 
administrative function of the electrician. Unlike 
most aircraft parts, GSE requires the 
maintenance of custodial records and physical 
inventories at least annually , throughout its 
in-use life. • 
A definition of some terms used with GSE is 
provided in order to give you a clearer concept 
. and deeper appreciation of GSE itenvs. GSE is* all 
the equipment required on the ground to make 
an aeronautical system, command and control 
system, support system, subsystem, or end item 
of equipajient operational in its intended 
environment.. This mcludes all equipment 
required to install, laimch, arrest (except Navy 
shipboard and shore-based launching and 
arresting equipment), guide, control, direct, 
inspect, test, adjust,' calibrate, appraise, gauge, 
r measure,' asseipble, disassemble, handle, 
j;:transport, .safeguard, store, acutate, service, 
repair,, overhaul," maintain, or- operate the 
system, subsystem, and item or component. 
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Aircraft Maintenance Material 
Readiness List Program (AMMRL) 

.The title of the overall NavaLAir Systems 
Command Headquarters (NAV AIR) program 
which f)rovides the means for " effective 
management^ of aircraft ground support 
equipment used for organizational and 
intermediate maintenance. 

» - ■ '■ * 
Application Data for Material 
Readiness List ^ADMRL) ~ 

A data collection whi(ih contains a listing, 
' identifying each e^d item oLaexonautical ground 
support equipment required for intermediate 
and /or organizational level(s) of aircraft 
-maintenance. Allowance quantities are specified 
for selected ranges of -each 
aircraft/engine/system for which the end item is 
'^required. This data is "stored" in computers and 
serves as tjie base (source data) from which 
appropriate data is extracted for the production 
^ of activity IMRLs. 

Individual Material Readiness 
List(IMRL) 

A consolidated allowance list specifying end 
items and computed quantities of aeronautical 
ground support equipment ^ required for 
maintaining material readiness of an aircraft 
maintenance activity. IMRLs are constructed for 
a specific intermediate/organizational aircraft 
maintenance activity by extracting those 
applicable portions of the ADMRL. Each IMRL 
contains a set of instructions explaining the use 
and arrangement of the IMRL. The IMRLs are 
produced by the Naval Air Systems Command 
Representatives (NAVAIRSYSCOMREPs) upon 
request of the cognizant Aircraft Controlling 
Custodian of theactivity to be outfitted. 

. > ■ ■ ' ■ ' i 

Aircraft Controlling 
Custodians (ACCs) 

Exercise administrative control of 
assignment, logistic support and employment of 
aircraft as specified by the Chief of Naval 
Opera tion^. . ^ 
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End Item 

A final combination of end products, 
component parts, and/or materials that is ready 
for its intended use, e.g., ship*; tank,, mobile 
machine shop, aircraft. 

Because stocks of GSE are so costly and, 
limited, issues are strictly controlled by j^tetn$ 
and quantities as listed in the IMRL of each 
activity. Each organizational and intermediate 
level aircraft maintenance activity is responsible 
for continuous review of its IMRL and 
submission or recommended revisions to the ' 
ACC for appropriate action. Excess aeronautical 
GSE is of speciial concern and should be taken 
care of promptly as follows: 

1. On-hand end . items which are not 
considered to be required, whether on an 
authorized IMRL or n9t, shall be made the 
subject of a recommended revision to the IMRL. 

2. On-hand end items which are deleted 
due to receipt of a neW IMRL shall be reported 
by letter to ^e ACC. 

3. On-hand items which ^ exceed' the 
quantity authorized by the IMRL shall be 
reported by letter to the ACC. _ ^ 

Just as thfere is no point in having excess 
GSE, it is equally important to request an 
addition to the IMRL'when needed. The request 
shall be submitted via the ACC and must contain 
full justification of thfe^ requirement for such 
equipment. \ 

All GSE' must receive , contihiied 
accountability while in use. The activity having 
prime " custody of the GSE is considered to be 
the accountable activity. ' GSE furnished as 
org^zational property is accounted for J?y the 
holder of such equipment. GSE furnish^ or 
received on subcustody is accounted fqr'^ bV the 
supporting activity. . 

Transaction reporting of selected GSE items 
is sometime^ required. ACCs select the items pf 
GSE desired to be reported on a transaction 
basis and publish appropriate instructions for . 
reporting.^ (For further information on GSE and 
the IMRL refer to NAVAIRINST 4420.1 
(Series)). 
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SUPPLY DISaPUNE 

A major responsibility of the electrician is 
supply discipline which, under operating 
cor^ditions at sea, sometimes proves to be 
difficult. However, the impact of sophisticated 
weapons and attendant high "^cost requires 
intensified effort in material management in 
order to keep the cost of maintenance as low as 
possible while rnaintaining a high state of 
readiness. \ 

The electrician ' contributes to material 
management by ensuring that ( 1) only necessary 
.and -proper replacement components are 
ordered, (2) new components are installed as 
soon as possible after receipt j and (3) the 
defective components are ttlmed in to the 
supply system as soon as possible for repair. This 
management of material can be aided further by : 
the repair of all components at the lowest level 
of maintenance having the capability, and the 
4 prompt return of the RFI component tg the 
supply system. 

When ordering components, the electrician 
should not over emphasize the urgency-of-need 
in order to get maintenance control-to assign a 
higher priority than is actually necessary. Abuse 
of* the priority system dilutes the effort of the 
supply system and wastes time which could be 
devoted to actual requirements. 

By conscientious effort of all supply and 
maintenance personnel, cost effectiveness and 
combat readiness can be maintained at desirable 
levels. 

Material .in excess of allowance or 
departmental need should be returned promptly 
to the supply department. Every attempt should 
be made to return such material in a 
ready-for-issue condition. Material returned to 
supply is documented on DD Form 1348-1, and 
in some cases, DD Form 1 149. 

MORVEYS OF EXPENDABLE MATERIAL 

Another method of expending-material is by 
survey. A survey is the procedure followed when 
naval property must be : 

•V ■ ■ ■• " . ' 

1. Condemned as /a result of damage, 
/obsolescence, or deterioration. ' 

2. Appraised as a result of losif of utility. 

■ ■, , ^ \ ^ . . 
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3* Acknowledged as nonexistent as a result 
of loss or theft, necessitating the expenditure of 
the accountable material from tHe records of the 
holding activity. 

•The purpose of a survey is to provide a 
record for the following: 

• 1. An administrative review of the 
condition of material, the cause of the 
condition, the responsibility therefor, and the 
recommendation for disposition. 

2. An. authorization tp expend the material 
from the records on which carried. 

3. An authorization to decrease the 
monetary value of material in store. 

Surveys may be either formal or informal 
depending on the degree of investigation and 
control required, , 

Formal surveys are made by one 
commissioned officer or by a board of three 
members, one of whom must be a commissioned 
officer. Personnel conducting formal surveys are 
appointed by the commanding officer in each 
case. The following officers may not serve on a 
formal sui^ey board: 

1. The commanding officer. 

2'. The officer on whose records the 
material being surveyed is carried. 

3. The officer charged with the custody of 
material being surveyed. 

Whenever a formal survey is riot required by 
regulations or the commanding officer,^ an 
INFORMAL survey is used. The, head of the. 
department having custody of the material to be 
surveyed conducts an informal survey. 

Survey Procedures 

Any person in the Navy who is aware of a 
material condition that requires a survey may 
initiate a request for survey. Normally--the 
requests are initiated by a section; divjjion, or 
department head having custpdy"-of4he material 
to be surveyed. . \ 

The survey procedure gmerally consists of 
the following steps: / 

1. ^ Request for surveys 

2. Action by the j^mmanding officer on 
the request for survey; 

'.36 • ":V-. ■ : . 
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3. Report of survey by surveying officer or 
board. 

4. Action by reviewing authority. 

5. Expenditure and disposal action. 

• Survey Request, Report and 
.Expenditure, NAVSUP. Form 154, i3 submitted 
by the originator to the commanding officer via 
the head of department and (usually) the supply 
officer. 

In routine cases, the initiator of the request 
may make a recommendation as to disposition 
of material surveye(J. Whefe a significant amount 
of money or personal liability may be involved, 
however, this is better left to the discretion of 
the survey board. 

• /Upon receipt of the survey request, the 
commanding officer or his appointed delegate 
determines whether the survey should be formal 
or informal and designates the officer(s) to make 
the survey, A - copy (or copies, as required 
locally) of the hutidl sUrvey is then forwarded to 
the person or group (normally supply) 
designated as responsible for preparing the 
smootK survey form. The designated section 
fonvards the smooth survey to the surveying 
officer or board. * . 

• The surveying officer or board makes a 
thorough inspection of the material. Condition 
at the time of survey is determined, or if the 
material is missing, an examination of the 
circumstances attending the loss is made. Cause 
and responsibility are determined, or when 
responsibility cannot be fixed, a statement is 
prepared showing why such cannot be done. A 
full report is made^pn the survey request in the 
"Survey Report ifi^d , Recommendation" block, 
including the findings V to conditioi^ cause, arid 
responsibility, with a recommendation as to 
disposition, replacement, or ^continuance in 
service. ' .' 

• The survey report is then submitted for 
review to the commanding officer or the officer^ 
orderihg the survey if it was ordered by higher 
authority. When the reviewing officer does not 
approve ^of the action of the surveying officer or 
•board; he may cause another survey to be held. 
In subh instances the second survey always is 



formal. Survey reports normally are not 
forwarded to higher authority except as directed 
by current instructions relating to individual 
items or material categories. 

Upon receipt of the properly approved 
smooth survey document, the supply officer 
carrying the surveyed, material on his. records 
completes the expenditure sectioa<j^f the survey 
form and takes action to dispose of the material 
-as directed by the surve^. 

r , 

USE OF PUBLICATIONS 

As a First Class Chief Aviation 
Electrician's Mate, ' your responsibilities in 
connection with installing, adjusting, 
maintaining, and testing electrical equipment 
will be much greater than they were when you 
were a lower rated petty officer. You will be 
required to have quick and accurate answers to 
many questions. Since there is a wide variety of 
complejx equipment, you cannot expect to have 
a ready answer to all questions. However, you 
can become familiar with the published 
materials that contain' the answers, and by so ■ 
doing you will be able to take positive action. 

MAINTENANCE INSTRUCTIONS 
MANUALS 

A Maintenance Instructions Mariual (MIM) is 
developcHi for each model of air craff^ Recent 
manual^" are issued with the sections as separate 
volumes to facilitate the use of the manual by 
the different diops. The sections concerning 
electric and electronic systems niaintenance and 
^wiring data are of prime interest to the AE. 

Location of components and instructions for 
removal and installafion are included in the 
manual. The wiring diagrains, power distribution 
charts, and drawings showirig the location and 
connection of fuses and circuit breakers are 
valuat)le to the electrician whilq troubleshooting 
in the aircraft. 

Inforhiation on electronic equipment 
maintenance is also included. The amount of 
this information .or the depth of maintenance 
discussed vi^l vary from one rtianual to another, 
and also between equipments within a given 
manual. Included in some manuals for 
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organization maintenance ^re operational kild 
functional checks, trouble isolation charts, atid 
adjustment charts. The intermediate 
maintenance section may contairh information 
foF bench checks, troubleshooting,' disassembly, 
repair and parts replacement, and assembly 
instructions. If special support equipment is 
needed to accomplish the maintenance 
described, a section on use and maintenance of 
this support equipment may be found in the 
volume on electronic maintenance. 

These manuals, when used in conjunction 
with the Service Instruction Manual for the 
electronic equipment, furnish the electrician 
with information needed to properly maintain 
the equipment. 

Format for many of the maintenance 
^instructions manuals, illustrated parts 
breakdown, etc., are being changed to the 
maintenance > information automated retrieval 
system ..wjiidi will be discussed briefly in the 
foUowing paragraphs. 

MAINTENANCE INFORM AHON 
AUTOMATED RETRIEVAL 
SYSTEM (MIARS) 

. The overall MIARS / program involves 
modernizing the NAVAIR technical manual 
program by replacing hard-copy manuals with 
microfilm cartridges containing the same 
information. This program will significantly 
reduce storage requirements, streamline change 
and revision processes, and reduce overall 
reproduction and distribution cost. Most 
existing naval aviation technical manuals will be 
converted to microfilm format during the next 
few years. Technical manual information for 
/future naval aircraft and related systems wiU be 
produced and distributed exclusively on 
microfilm. The basic eleiftent of tHe. MIARS 
program is the i^ucrofilm viewing and hard copy 
producing equipment which l^s been specially 
designed, for use in\^ the,] fleet operating 
environment. ^ ^ 

To be effective in using the MIARS, ypu 
must be ti\oroughly famiUar with the microfilm 
format used in the MIAftS on the weapon 
system/equipment that you are maintaining, and 
must possess a knowledge of MIARS equipment 
operation. 



' NAVAIR 00-500M (a manual publication) 
contains a listing of the available publications in 
microfilm format. This publication is prepared 
in two parts: Part I is a listing of Naval Air 
Systems Command publications Rowing 
microfilm cartridge number; Part II is a listing of 
MIARS cartridge numbers and their latest film 
dates. To determine the availability of a 
publication in microfilm form, locate the 
publication and, its cartridge number in Part I 
and then refer to Part ll for availability status. 

EXAMPLE: - . 



PARTI 

MANUAL- 
NUMBER 

01-85ADA-2-1 

01-85-ADA-2-2-4 

01-85ADA-2-5 

PART II 

CARTRIDGE 
NUMBER 

A6.'l 
A6.2 
A6.3 
S3.7(c) 



CARTRIDGE 
NUMBER 

A6.1 

, ■ A6.2 
' , A6.3 



FILM 
• DATE 

28 AUG 74 
28 AUG 74 
9 JUN 75 



■NOTE: When no date appears, as. with the 
cartridge numbered S3.7(c) above, it indicates 
that the publication is NOT available at this time 
in cartridge form. 

The microfilm ^cartridges (fig. 2-2) are' 
numbered according to a system consisting of 
alpha-numeric characters that represent aircraft 
type/design, engine type, level .of maintenance, 
and work unit code identification. ' ^ 

Cartridge numbers starting wfith A6.,^;p^30., 
etc., identify, publications that ante -applicable to 
aircraft and engines/respectiVeiy:.. - 

Cartridge numKjers .starting ?s^t^h 1. 
thru 9. identify publications that |re applicable 
to work unit codes: v''"'- . ' 

Aircraft Basic " . . 

2. Power Plants 
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20|.273 



Figure 2'2.-Film Cartridge. 



3v Propellers* 
Utilities V 
Instrumentation 
Communications ^ ' 
Navigation, Bombing Fire Control, 
Weapon Delivery, ECM and 
Photographic/Recormaissance. Jf"-,, 
Missiles/Rockets ^ 
Miscellaneous Equipments/Systems 



5. 
6. 
/ 



8. 

9.. 



Cartridge numbers starting with SE and 
numbers 1. tfiru 9. identify* publications that are 
applicable/ to supporj equipment work unit 
codes: 



SEl. 
SE2. 
SE3. 
SE4. 
SE5. 

SE6. 

■SE7. 



SE8. 
SE9. 



Servicing Equipment » 
Handling Equipment ' 
Test/Check/Calibrate/lnspection 
Power Generation/Supply 
Flight Reference Test and Check 
Equipment 

Communicatiojis Test ^d Check 
Equipment . 

Navigation, Weapon Control, Weapon 
DeUvery, ECM, SACE/VAST and 
(General Electronic Test and Check 
Equipment / 
Missile Test anckCheck Equipment 
Weapon Sy stern Peculiar , 

3.9 



\ The level of maintenance is identified by the 
numbers fight of the, decimal point : 

1-299 • ' Organizational 
-300-599 Intermediate ..." 
600-899 Depot 

' Confidential cartridges are ident^ed with 
> th^ letter (c), enclosed in parenthesis, in the 
^ ^^ght-hand position. . , 



EXAMPLES: 



AIRCRAFT 



A6.301 (cj. 



CONFIDENTIAL 
SECOND CARTRIDGE ^ , 
fiSlTERMEDIATE LEVEL? ' 



Overflow cartridges arfe identified withC^'^ 
letter in the rightrhind position. Thi^ overflow is 
required when a piibUcation is tpo large for one 
cartridge. ' , ^ .. 



EXAMPLES: ; 



AIRCRAFT- 



J. 



A6.43A 



ORGANIZATIONAl^aLEVEL 
4.608 



; .. V 1 ■ 'OVERFLOW 



UTILITIES- 



DEPOT LEVEL ' 
NINTH CARTRIDGE 



SE2. 



SUPPORT EQUIPMENT I— ORGANIZAr 
HANDLING EQUIPMENT TIONAL LEVEL 

FIRST CAR- 
TRIDGE 

Each cartridge contains a table of content^ 
frame Usting all NAVMR* numbers of manuals 
contained in the cartridge, the titles, of the 
manuals, ahd locations of the inaniiiEils within 
the cartridge by microfilni count number! . ^ 

The'eSquipment in the MIARS consists of the 
automatic reader-printer and the- portable 
reader. r ^ • 

The autoniatic reader-printer (fig. 2-3) will 
normally be located withih maintenance control 
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216.239 



Figure 2'3.-'Auto' Reader-Printer. 



and /or the technical library of organizational 
maintenance activities. It can also be located 
within VAST sites and select^ production work 
centers of "the intermediate maintenance 
activities! Its functions are subdivided into^three 
majoV ' sections; (1) film, transport and 
projection, which positions the desired 
microfilm frame, for viewing; (.2) frame retrieval, 
consisting of locating a particular film frame for 
j^isplay or printing as desired; and (3) printing, 
which consists of making : manual type page 
copy 'of a selected film frame. This unit is 19" 
wide, 36" high, and 24" deep, and weighs 
approximately;200 pounds. PcJWer requirement 
is 1 15v, 60 Hz, single phase. : ' 



The portable reader will . normally be located 
in s?\gcted rlocations of organizational 
maintenaittse activities/ and m:\\ be shiired by 
severa:l workNcenters, . It provides the same 
functions as th/fc automatic reader-printer except 
for the printing fuaciion. Tliis unit weighs 40 
pounds, is n 6 1/4" wide, 19 1/2" high, and . 
16 1/4" deep, and can be powered by ( 1) 1 15v, 
60. Hz, single phase^2; 11 5v, 400 Hz, single ' 
phase,.(3) 12ydc,oM4)24vdc. ' . 

< ■ * ' ' ■ 

,bPEte*TION AND SERVICE 
INSTRUCTION MANUALS - 

V >• Th6*»N[aval Aii: Systems Command procures^ 
Operation and Service Instruction Manuals for 
vatrious avionics equipments. The Operation and 
Service Instruction Manuals may be issued as . 
one combined manual or as separate manuals. In 
some cases, where the equipment is installed in 
only « one ^) type aircraft, the Maintenance 
Instructions Manual for that aircraft will contain " 
the ' information normally found in the 
Operation and Service Instruction Manuals. The 
discussion in this course is limited to only a few 
of the items contained in the manual. 

Performance Specifications 

As a senior AE, your responsibilities for 
inspecting the work of others will increase. The 
Operation and Service Instructien Manual 
contains charts or sections on standards the 
equipment should meet if it is to be considered 
as performing satisfactorily. The use of this 
information i§? recommended to determine the 
quality of your own work or the work of some 
other AE. The preflight checlcs given / in the 
manual usually ' provide only an indication of 
overall system operation and do not /indicate 
how mtich above . minimum standards each 
section is. operating- There are some equipments 
that utilize line testers for this check; line testers 
quite frequently, are of the GO, NO-GO type. 
This is the most basic of the performance 
standards thje equipment must meet. 

^^«-^^The preliminary or preinstaUation inspection 
is " normally a bench test procedure for 
. equipment received frohi the supply ^stem or 
from an intermediate maintenance activity.. 
Normally, this is ; also a check for overa]! 
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operation of the equipment ukI is not designed 
to check the equipment lor specific circuit* 
performance. 

The portion of the manuaLthat gives the 
performance standards for^Uj^ individual 
sections of the equipment ^P^itlcd either 
"Minimupi Performance > Checks" or 
"Specifications." These s$«^dards are shop 
procedures used to check the^dividual sections 
of the equipment against the acceptable 
performance levels. In addition to listing the 
minimum acceptable performance levels, this 
section givr; procedures for setting up the 
equipj )^ or test, the test equipment to use, 
and tlic adjustments required to bring the 
equipment up to standard. 

Where the equipment fails to meet minimum 
performance standards, a malfunction is* 
indicated. Trouble analysis charts and alignment 
procedures are included in the manual to assist 
the electrician in locating and correcting the 
malfunction. 

Adjustments 

The Operation and Service Instruction 
Manual contains charts and instructions for 
adjusting the equipment. One of these charts 
will be found in, the organizational maintenance 
section of the manual. The information given 
willix>ncet'n minor repairs antf adjustments. 

The adjustments given in the field 
(intermediate) maintenance section are more 
extensive than those in the section on 
organizational maintenance. Normally included 
in this section are the complete alignment 
procedures for each section of the equipment. 
The instructions include the step by step 
procedures and give the test cqiuipment setup 
required. ' 

Special Tools 

The Operation and ^Service Instruction 
Manual furnishes a list of special tools required 
fpr maintaining, the specific equipment. The 
electrician should check the ^applicable 
allowance list to determine whether the tools ^ 
are available to his unit as organizational 
property or if it will be necessary to procure 
them on custody from the supporting activity. 



TECHNICAL DIRECTIVES 
(CHANGES AND BULLETINS) 

NAVAIR Instruction 5215,8 (Series) is used 
- in establishing a system to promote uniformity, 
in technical directives. This system is Umited to 
instructions of a technical nature which are not 
contained in technical manuals and which 
cannot be satisfactorily incorporated as revisions 
to the manuals. 

NAVAIRSYSCOM technical directives are 
listed in NAVSUP pubUcation 2002 section III. 
These are on separate microfilm immediately 
following the last fiche reflecting stock numbers 
for publications and forms. To adapt the 
technical directives to the microfilm concept, 
the directives have been cojlfi4-rather than listed 
by stock number. Thestf^des appear before 
the directive number and are used ONLY with 
the microfiche; they are NOT used in ordering, 
or in the national stock numbering Of the 
directives. 

The major codes assigned NAVAiR technical 
directives are: 



01 > 


General Section 


02 ^ 


Aircraft/Airframes 


04 - 


Aircraft Target Drones and Guided 




Missiles 


05 - 


Accessories 


08 


Aviation Armament (Aircraft 




Armament) 


10 ^ 


Avionics 


,12 


Photographic Equipment 


'14 - 


. Power Plant Section 


15 ^ 


Propeller Section 


20 > 


Support Equipment 


25 ^ 


Versatile Avionics Shop Test Section 




(VAST) 


30 - 


Ship Installations 


35 - 


Aircraft Launching 


40 ^ 


Matting Service 



Each majorcode is further broken down with 
an additional numeric/alphabetic code which 
identifies each specific type directive within the 
major codes. A complete listing of the NAVAIR 
technical directive codes js found in NAVSUP 
publication 2002, entitled IntroductloKj^ to Navy 

1 
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Stock List of Publications dncl Forms, A typical 
directive code may be listed as: 

02 2Y62 

Aircraft/Airframes Directive number 

C-1 30 Airframe Bulletins 

Technical directives are issued as formal 
(letter-type) and interim (message-type) 
directives. A formal TD is a document issued as 
a Change, or as an Amendment Or Revision 
thereto, an(J promulgated by letter. An interim 
TD is a document issued as a Bulletin or Change, 
or as an Amendment or Revision thereto, and 
promulgated by message to ensure expeditious 
dissemination. 

A CHANGE is a document comprised of 
instructions and information which directs the 
.accomplishment and recording of a material 
change, a repositioning, a modification, or an 
alteration in the characteristics of the equipment 
to which it applies. 

A BULLETIN is an interim document, 
comprised of instructions and information, 
which directs an initial inspection to determine 
whether a given condition exWs,*and directs an 
interim revision to the TM series, if appHcable, 
for continuing inspections. It specifies what 
action is to be taken if the condition is found or 
not found. 

An AMENDMENT is a document comprised 
of information which clarifies, corrects, adds to, 
deletes from, makes minor, changes in 
requirements to, or cancels an existing TD. A 
maximum of three amendments may be applied 
to any TD, each remaining in effect until 
I'cscinded or superseded by a revision. 
Amendments may not be used to cancel an. 
amendment. 

A REVISION is a completely new edition of 
an existing Change or Bulletin. It supersedes the 
original directive or revision and all existing 
amendments. 

Directive Categories 

Technical directive.^ are assigned a 
"category" in accordance with the importance 
and urgency of accompUshing the worJc 



involved. These categories are Immediate, 
Urgent, Routine, or Record iHirpose. 

IMMEDIATE ACTION.-This type directive 
is concerned with problems involving safety 
which would probably* result in fatal or serious 
injury to personnel, or destruction of (or 
extensive damage to) property, unless corrected 
within extremely narrow time limits. Immediate 
Action d irectives involve the immediate 
discontinued use of the aircraft; engine, or 
equipment in the operational employment under 
which the adverse safety CQndition exists. If 
continued use will not involve the affected 
component or system in either normal or 
emergency situations, compliance may be 
deferred until (but no later . than) the next 
Aperiodic inspection for aircraft and engines, and 
no later than 120 days from date of issue. These 
directives are identified by a border of black Xs 
broken at the top center of the page by the 
words IMMEDIATE ACTION. 

URGENT ACTION.-A directive of this type 
also indicates a problem in safety conditions 
which could result in personnel injury or 
property damage unless corrected. The major 
difference is that time Umits are not quite so 
close as with Immediate 'Action directives, but 
are still nairow. Operating restrictions may^or 
may not be imposed. 

The ' compHance requirement for urgent 
action directives specify incorpbratipn of the 
instructions not later than the next regularly 
^scheduled rework or overhaul, or, for that 
equipment not reworked or overhauled on a 
regularly schedulud basis, not later than 18 
months after issuance of the directive. These 
directives are identified by the words URGENT 
ACTION at the top of the first page and a 
border of black diagonals around the cover page. 

ROUTINE ACTION.-A directive of this 
type is concerned with equipincnt or procedural 
deficiencies of a material (mechanical^ 
operational, or tactical in nature) where 
uncorrected existence could constitute a hazard. 
Routine cateogry is not assigned to interim 
changes or bulletins. The compliance 
requirement for routine and urgent action 
directives is the same, except those routine 
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directives requiring depot maintenance; they 
may be deterred if seriously interfering with 
operational commitments or schedules. These 
directives are identified bV the words ROUTINE 
ACTION printed at the top of the cover page. 

RECORD PURPOSE.-A directive of this 
type is used when a modification has b^ien 
compbtely incorporated by the contractor or 
in-house activity in all accepted equipment, and 
when retrofit, is not required pf^ repairables Jn 
the Navy's possession, ''Consequently, 
compliance information is not. applicable and 
shall be indicated as such. These directives are 
identified by tHe words RECORD PURPOSE 
printed in black capital letters at the top center 
of the first page. 

Obsolescent Type Directives 

*^;jny directives which were issued priof to 
the .undardization ofthe (,lirectives syst'em arc 
still effective. ^Hiese m^i^^le Aviation Circular 
Lettefs, Technical (JWA Technical Notes, 
Aircraft Service* Cliiiirti^ Aircraft* * Service 
Bulletins/' Electronic Material Changes, 
ElectroniGfc Material Bulletins, and Aviation 
strumeffr Bulletias.' Althougli these directives 
e np longer being issued, those which have not 
been cauceled or superseded are included in the 
latest edition of NAVSUP 2002, Section III. 

Local Action 

Upon receipt of a technical directive, either 
formal or interim, the directive must be screened 
by the maintenance activity to determine its 
applicability to units or aircraft maintained by 
that activity. If applicable, it is imperative that 
^strict control and documentation procedures be 
adhered to. Iliese procedures are defined in the 
current edition of OPNAV Instruction 4790.2. 

MISCIiLLANEOUS PUBLICATIONS 

^ Iliere are a great number of technical 
►publications, other than the maintenance and 
service instructions, that the Ali will find useful 
in performing his job. This section lists and 
describes briefiy a few of these publications. By 
including this type of publication in the shop 



technical library, the supervisor will be providing 
information that Should increase the efficiency 
of the shop. 

* Electronics Installation and 
Maintenance iBook (EIMB) 

The EIMB has been established as the 
medium tor distributing, in one convenient, 
source, maintenance and repair poli'cie^^ 
ijistallation practices, and ovjsrall electroniJP^ 
equipment and material handUiig procedures. It 
also contair ^ fier selected information of 
.general intuj i lo electrical and electronic 
maintenance personnel. • ^ 

The EIMB is organized into a SlliyL of 
handbooks to afford maximum fiexibility and 
. ease in handling. The Handbooks are stocke4,and 
issued as separate items so that activities 
requiring extra copies of any handbook may 
obtain them with relative ease. ^ ' s 

The handbpoks fall within two categories, ^ 
general in'forrnation handbooks and 
equipment-oriented Tiajndbooks. The general 
' information handbooks contain data which are 
of^ interest to all perspnnel involved in, 
installation and maintenance, regardless of their 
(Equipment speciality. The titles of the various 
general, information handbooks give only an 
overall idea of .their data content; a more. 
' complete description of each handbook is 
provided in the Gencral-rtandbook. 

The equipnicnt handbooks are devdfted to 
^ information on a particular equipment class; 
they provide general test procedures, 
adjustments, general servicing information, and 
field change identification data. 

' Below is a listing of the EIMB handbooks by 
title: 



HANDBOOK TITLE 



(General Information Handbooks) 
(Jeneral / 
Installation Standards ^ 
Electronic Circuits 
Test Methods and Practices 
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■ ' t ^ • 

basic portion of each section contains the , 
following: 

1 . Description and leading particulars, 

2, Typical test values, 

3i Preparation for test, including any 
necessary inspections, checks, or maintenance 
operation^ ^ , 

4, Detailed step-]by-stfep test procedures, 

Tlfe sectidns of the^'manual are as follows: 

1 . Ihtto^uction, 

2. Test procedures for d-c generators. 

3. Test procedures for d-c voltage 
regulators, 

4. Test procedures for a-c, d-c generators, 

5. Test procedures for a-c generators. 

6. Test procedures for a-c voltage 
regulators. 

'7. Test procedures for inverters. 

Electronic Circuit Analysis, 
NAVAIR 00-80T-79, Vols. I and II 

This manual is published in two volumes and 
provides the electrician with reference 
information on the fundamentals of electronic 
' and electrical circuits. It includes information 
such as electronics mathematics, d-c and a-c 
circuits, measuring instrunients, transistors, and 
other electrical and electroi^c applications. 

Reduction of Radio Interference 
in Aircrift, NAVAIR 16-1-521 

the purpose of this manual; is to present 
information which will serve bs a g the 
iivijition industry and toj; naval ; aircraft 
maintenance activities for achi'ev'enient and 
maintenance of the lowest practicable level of 
radio interference in naval aircraft. It may be 
used as a guide to enable you to determine the 
type,iof interference, to locate its source, and to 
provide a means for its elimination or 
suppression. The information is presented under 
the following headings: 

1. Purpose, 

2. Types and effects of radio interference, 

3. Sources of radio interference. 



Reference Data 
EMI Reducti(^n 
General Maintenance 

(Equipment-Oriented Handbooks) 
Communications 
Radar 

9 

Sonar 

Test Equipment 
Radiac 

Countermeasures 

Of particular interest to the AE is the 
handbook entitled *Test Methods and Practices." 

• *' ■ . ' , 

Basic Theory and Application of 
Transistors, NAVWEPS 00^80T-86 

This manual is a basic course in the theory 
of transistors. It begins with an introduction and 
fundamental theory of transistors and proceeds 
with explanations of amplifier fundamentals, 
bias stabilization, transistor analysis and 
comparison, audio and tuned amplifiers, 
wide-band oscillators, pulse and switching 
circuits, modulation, mixing, and demodulation, 
and ends with an introduction to additional 
semiconductor devices. j 

This manual is especially advantageous to 
the senior AE who is preparing a program of 
instruction on this subject for his men. The 
information is pfeiented in a simplified form to 
allow maxinium coverage of information in a 
unified manner, 

^ The manual is divided into sections* Each 
section provides test procedures for a specific 
type. of electrical pQwer equipment, A complete 
teit procidurQ for one basic model is given, Tlie 
test procedure for the selected model is the most 
universal for the specific type of equipment. The 
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4. Interference coujiling. 

5. Basic installation planning for radio 
interference control. 

6/ Radio interference reduction 
components; their selection, application, and 
installation. 

7. Bonds and. bonding. 

8. Sh^ields and shielding. 

9. Testing for radio interference. 

10. Main tenance aspects of radio 
• interference. 

,Nayy Safety Precautions for 

' Forces Afloat (OPN AVINST 5 1 00. 1 9) 

: '' . ;This manuaJ type publication was developed 
.in-*support of the pohcy and continuing efforts 
of the Navy to promote and maintain safety at 
sed. It appUes entirely to operations afloat and is 
the first separate formal safety precautiorfs 
manual developed for forces afloat. It contains 
generalized and specific precautions within 
several areas. * 

. The generalized safety precautions provide a 
.base for developing supplemental precautions. 
Sotije .^chapters of the manual arc ciuite specific 
.and ';:re;<^uire special attention of personnel 
inyolved )vith the specific operations. 

,V^*'efik|);te five, entitled Electrical/Electronic, 
is' mentioned here' as it contains general 
precautions applicable to all hands. It addresses 
warnings and precautions to be taken when 
working with electronics and portable power 
tools, and information on the treatment of 
electrical shock. 

The manual points out tlhat it is the 
responsibility of supervisory perlsonnel to ensure 
that their subordinates are instructed in and 
carry out all applicable safety precautions. 
However, each individual is ^-cisponsible for 
knowing and observing them. 

A knowlejc|ge of information contained 
within the mimial,, and practice thereof, will 
enhance personnel safety and preserve material 
ami equipmenf while contributing to the 
operational readiness and effectiveness of the 
unit. ' , * : . 



Safety Precautions for 

Shore Activities (NAVMAT P-5 100) 

The purpose of this manual is to present the 
safety precautions apphcable to Navy shore- 
activities, including shore (field) activities of the 
Operating Forces and fleet schools. The safety 
precautions given in this manual are of necessity 
basic and general in nature^ and are not inclusive 
of all conceivable operations and functions 
involved in the great variety of shore activities. 
In many instances references are made to other 
publications for detailed safety precautions 
applicable to specific operations. ' 

The senior AE should become very familiar 
with the contents of this manual. It is the 
responsibiUty of supervisory personnel to see 
that safety precautions are strictly adhered to: 
Continuous cooperation and vigilance of all 
personnel/ are needed to see that all operating 
procedures an^ work methods do not 
unnecessarily expose personnel to injury, or 
^property to loss or damage. 

HLING AND MAINTAINING 
PUBLICATIONS . . 

A stea^.y stream technical 
correspondence, directives, ancT publications is 
received by the Avionics Division. A system for 
fihng this paperwork and disseminating the 
useful information must be established if full 
value of these sources is to be reaUzed. In order 
for the information to be of value to the 

. division, it must be brought to the attention of 

. the personnel in the shop. A routing system 
within the shop will provide for disspminatioji of. 
the information to all personnel rc.orieemed. 
Particular attention must be .paid to ensuring ' 
that TAD personnel are brpught up to .date;^ 
periodically and as necessary. / ': \ k : . 
There is a great deal olj technical informatio^^ 

. received concerning the many piibces p 
equipment. The file location of this informa:tion 
must be known and accessible so the idividual 
assigned to repair or test the equipment will 

, have all the necessary information available. 

The avionics shop, in conjunction with the 
quality assurance division, should establish and 
maintain a dispersed technical library within its 
spaces. The shop's technical library should 
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consist primarily of a complete and current set 
of letter publications and technical manuals 
pertinent to equipments and aircraft serviced by 
the shop. ' 

The technical library should be kept in an 
orderly fashion and its facilities made ^readily 
available to all assigned personnel. General and 
little used material should be filed in the division 
or shop office, and the manuals should be filed 
in the shop. 

For. larger activities, or those where many 
people utilize the same technical library,. it is 
imperative that a checkout system be instituted 
for* certain publications. This system will enable 
an interested individual to locate needed 
publications checked out by other personnel. It 
will also, !aid in rnaintaining a ^complete and 
current library.' . / 

. Riepprtiilg of Errors in Manuals 

A part of the NAVAIR program to improve 
^ the quality and accuracy of its technical manuals 
encourages its users to report errors and 



discrepancies. The basic reporting document is 
the Unsatisfactory Material/Condition Report 
(UR), OPNAV Form 4790/47. DetaUed 
procedures for the preparation, security 
classification, and mailing of completed URsare 
contained in the current OPNAV Instruction 
4790.2 (Series). 



SECURITY OF CLASSIHED 
PUBUCATIONS 

Security is one of the chief responsibilities 
confronting the Avionics Division. Although 
security is ^ duty and responsibility of '^1 
hands, security rests heavily upon supervisSfs 
because of the classificSition of the equipments, 
systems, anc> publications with which AE's work. 
For detailed information on security coi>sult 
the Department of the Navy Information 
Security Program Regulation (OPNAV 
Instruction 5510.1). Excerpts from this manual 
can be found in the AE 3 & 2 rate training 
* manual' in the chapter entitled SECURITY. 
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AIRCRAFT ELECTRICAL CONTROL AND DISTRIBUTION 



In recent years, the ac power systems in 
naval aircraft have assumed greater importance 
as part of the aircraft's functioning equipment. 
Tlie trend in electrical power systems is away 
from direct-current systems and toward 
alternating-current systems. More specifically, 
the trend is almost entirely toward polyphase ac 
systems for the generation and distribution of 
electrical power. ' 

The weijght-to-performance ratio is of prime 
importance in the design of all airborne 
equipment, and this appHes to electrical power 
components as well. Tliis fact has a direct 
bearing on the reasons for using polyphase 
systepis instead of single-phase systems. A 
3-phqjse ac generator of given weight and 
dimensions may have up to a 60 percent greater 
power rating than a single-phase machine of the 
same! physical size and weight. This same 
approximate power rating applies also to ac 
mot6rs. 

Another important consideration is the 
conductor weight of the distribution system. To 
conduct an equal amount of power, tlie 3-phase 
system requires only about 75 percent of the 
copper weight that is required for a single-phase^,* 
system. ' , 

Also, the pulsating load on a single-phas^ 
generator is reflected in continuous pulsations of 
the input drive shaft speed and torque. In-a* 
3-phase generator, individual phase power is 
pulsating, but the total power of all three phases 
is more constant if the load^ is balanced. 
Consequently, the load on the generator drive 
shaft is relatively constant. / . > 

The .basic ac functionfe, /circuit' 
characteristics, and definitions necessary for a 
complete understanding of aircraft electrical 

power generating systems are found in Basic 

^ ■ ■ 
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Electricity, NAVEDTRA 10086 (Series), and 
should be studied in conjunction with this 
chapter. 

GENERATOR CONTROL 

When speaking of ac generator control, we 
are speaking primarily of three sep"^*^ areas; 
frequency control, voltage control^ at the 
switching action necessary to turn the generator 
output on or off. Frequency control is 
accomplished by controlling the speed of the 
generator through the use of any of several types ^ 
of constant speed drives. 

Voltage control can be accomplished in 
either n^two different methods. In smaller 
generator systems, such as inverters, the output 
voltage jnay be controlled by maintaining the 
constant current, i.e. if the generator" load is 
reduced, ^ device in the voltage regulator 
increases the load (decreases resistance) which, 
in turn,^l^s the voltage at a constant value. 
This typlrbf voltage regulation is limited to 
small \oadsJ and therefore is not discussed further 
lit this '"qhaipter. The second type of voltage 
TQgalat\c^0b,olves changing the current in the 
^(^ ^s^Xig/ff^^ sb^'that the induced voltage 
nstant. 

telling, action' of a generator control 
m/ci'n be either the simple movement of a 
switch to tMrn the generator on or off, or it may 
also inplu^le the 'devices, necessary to detect and 
proteqt both, the aircraft and the generating 
;5ystem from faults in the system. These faults . 
may incluije oVer and under frequency, over ahd 
undefl^ydlla^e, sjiorted or open feeder cables, or 
a phase se.quehcd^malfunctian;' ' 

More sophisticated .controls are necessary 
when a ' tw6-or-piore ' generator system is 
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operated in parallel (bus-tied, where, more than 
one generator is supplying the same load at the 
same time). Although parallel generator 
operation is not used in present day .aircraft, it } 
has in the recent "past and could be again should 
the technology be improved. ParaJlel^peration j 
of ac generators is covered in Basic Electricity, 
NAVEDTRA 10086 (Series). 

FREQUENCY 

Until recent years, any demand for a 
constant-frequency ac power supply in an 
aircraft was usually satisfied by one or more 
inverters. Constant-frequency delivered by an 
engine-driven generator was difficult to obtain 
because of constant changes in the engine's 
speed. Tlie problem of increased weight 
precluded for a time the use of a device to 
convert variable engine rpm into a fixed 
getierator-drive rpm. However, as the power 
demanded from fixed-trequency systems 
increased, the size of the inverters also increased. 
This trend continued until the weight of the 
inverters, plus the extra weight required in their 
dc power supplies, becamcf as great as the 
combined weight of the ac generators and their 
constant-speed drivers. Thus, constant-speed 
engine-driven ac generators were made feasible 
and came into use. Since the introduction of 
constant-speed engine-driven ac generators, one 
of the AE's duties is to become familiar with the 
frequency controls of these systems. 

Nonelectrical Frequency Control 

(il'fnost instance?, ac generator frequenoy »s 
controlled by a iHiii'lianical;* governor which 
controls the^speed 'tltl'iii'.e^^^^ mover driving ^ 
' deVJce.'^In ,th^$e \n%XiMj^^ frequency r 

sensing *^arid' j^^ ^not us(>d. MVJiere : . 

compressed tiair^^t^^^^ used, jet engine^;-, 

driving .'1^^^ in the form of ^• 

compressed '^aifey^ the compressor 

tecffon of tlie^j^f^^ speed is then 

controlled by tHb iifriount of air passed through 
the turbine. 

Another engine-powered and mechanically 
speed-regulated ac generator drive is the type 
used on the A-4E aircraft. Tliis assembly consists 
of an engine-driven transmission and an integral 



lubricating system. Tlie assembly's input rpm 
varies with engine ^peod. However, its output 
rpm is held within a narrow speed range by the 
assembly's speed change mechanism. 

Electrical Frequency Control - " ' 4: 

Newer aircraft and avionics equipnfient 
require close toleranpe frequency control that 
the mechanical constant speed drive cannot 
provide alone. Electrical "fine tuning" pf the 
mechanical governors is employed because they 
are inherently more sensitive to' frequency 
changes than mechanical controls. An electrical 
type system is also more e^aSily controlled from a 
refnote location by use of a servo loop. The 
schematic in figure 3-1 represents such a system ! 
that is in current use. ^ | 

The line voltage, whose frequency is to be 
regulated, is connected across the primary of 
transformer Tl which has two secondary 
windings. Each secondary circuit consists of a 
series circuit comprised respectively o,f..ati 
inductance, capacitance, rectifier, and one-half 
of potentiometer Rl. Tlie series combinations of 
, L2 and C4, and LI and C5 -are each 20 hertz 
away, from resonance when the line frequency is 
400 hertz. Capacitors CI and C2 filter the ripple 
output of rectifiers CRl and CR2, so that a 
smooth dc Hows inward from opposite ends of 
Rl. The center/tap of Rl is a common return 
for both rectifiptS. 

When " the' frequency is 400 Hz, the 
impedance of LI and C5 is equal to that of L2 
and C4 because both are being subjected to a 
frequency^ that is 20 Hz away from their 
■ resonant frequencies. Assume line frequency 
rises to .4 10 Hz. L2'-C4 is now qnly 10 Hz off 
' xe^onance, sq its impedance decreases. However,, 
- LI-CS Js>now 30 Hz off resonance, and its 
/ irhpedance - increases. As a result, a greater 
• voltage iiirpears across the upper half of Rl than 
/across the lower half, and dc flows through the 
satuf^ble reactor control coils CWl, CW3, CW4, 
and CW2. These coils are wound so that with a 
given direction of dc flow, their effect is to 
increase the inductance of the SRI and SR4 
load windings, while decreasing the inductance 
of the SR2 and SR3 load windings. Current is 
' effectively cut off tlirough SRI and SR4, so that 
ac fiows only through a series path comprised of 
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Figure 3-1.— Electrical frequency sensing and control system. 
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'SR2, the motor control winding, 'SR3-, and 
ground. The resultant -motor rotation is in a 
direction to lower the prime mover governor 
setting, and thus bring line frequency back down 
to 400 Hz. 

If a drop, rather than rise, in line frequency 
initiates a control cycle, the control coil current 
is in an opposite direetioR. SR2 and SR3 are cut 
off, an alternating current flows in the series 
path of SRI , the motor control field, SR4, and 
.^^grpund. It is significant to note that for ;a given 

• ^ direetioii ofcpntrbl coil dc, a given alteration of 
; Jipplied;, line ' Voltage flows upward thrpu^ the 

;, mptQt control winding. Had cpntrol cpD dc^b?en 
revej^^d,^ that same alteration would' haVt flowed 

1;.^ Uow the direction of the induction 

motor's field rotation, and consequently its 
shaft rotation, is controlled by the direction pf 
the ^saturable reactor control winding current. 
The direction of the control winding current i§ 
in turn controUed by line frequency. 



The system just described is more sensitive 
and maintains closerfrequency control than any 
mechanical control system in current use. Th\i% 
it fulfills the requirement' of close automatic 
frequency control. It also provides the required 
means bf remote manual frequency control. 
Manual frequency adjustments are made; simpjy 
by moving the vwper of Rl away^Mm th^ 
center, in whatever direction frequency must. be 
changed. . " . 



VbjLTAGE 



: Until the ^acTgehd^ra^ into popular 

uie, the carbon pile voltage regulatpr was used 
almost exclusively. The carbon pile ' voltage 
regulator, however, has several oisadvantages 
when used in our modem rfircraft powej 
generating systems, including- a Idow reactidn 
time and a high failure tate.^jEarly akcraft' had 
electrical power for ^instramentati6n, U/^inftx^';^'. . 
communications, and some ttnall motofarj l^jftf''^vl 
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which required only approximate voltage levels 
and fluctuations, were tdierable. In modern 
airaaft, such as the F-14 with its two 75-KVA 
generators, large electrical loads may be turned 
on or off at random, but electronic and radar 
systems operating from the same power source 
may be severely damaged by voltage fluctuations 
or spikes that rapid load changes create. 
Carbon pile voltage regulators, because of their 
mechanical operation, also need frequent 
adjustments to stay within tolerance.^ 

The static regulator overcomes most of these 
disadvantages in that it has no moving parts, and 
through the use of transistors and/or magnetic 
^^cnplifiers it can be made compact and relatively 
;light weight. The next paragraphs discuss static 
, regufa.?ors. 



Static Regulators 

The static voltage regulators explained in 
this section consfst of the following circuits: 
highest-phase takeover^ (HPT); Zener diode 
reference; transistor ' preamplifier; 3-phase, 
half-wave, magnetic amplifier; and stabilizing 
. circuits. In the circuit descriptions and theory of 
operation, refer to figure 3-2. 

HIGHEST-PHASE> TAKEOVER -The HPT 
sensing circuit utilizes h|ghest-phase takebyer 
voltige sensing. It consists of autotransformers, 
rectifiers, ailMnductor, and ia capacitor. The 
'volfage regulator functions to 'ijiaintain a 
constant voltage across capacitor ClOl . 

• ^' - 

ZENER DIODE REFERENCE:~rTh€ Zener 
diode reference" circuit consists of two diodes 
and 'a resistor. The; Vol ta^^^ the Zener 

lodes remains alrtiost constant l;egardless of the 
''voltage regulator input voltage'. -Tlie resistor 
absorbs the line voltagd variatioris.. 

TRANSISTOR PRE AMPLIFIER.-The 
transistor preamplifier consists^of twp transistors 
and two windings oL a magnetic amplifier- ^An ' 
•inductor and' a" capacitor form a ripple filter to 
the input base of one transistor. Two resistors' 
are used as gain-stabilizing resistors in the 
transistor emitter circuit to stabilize gain against 
temperature changes. Rectifiers are used to 



prevent transistor breakdown by limiting' 
base-to-emitter voltages. , v 

% THREE-PHASE, HALF-WAVE, M^SfiGNETIC 
AMPLIFIER.-The 3-phase, half-wav^' magnetic 
ampUfier consists of three windii>gs. Resistors 
ensure that each ^plifier gate v£fnding delivers 
an equal share of the magnetic^,aijipUfier output 
current;;- A capaator is used as la radio noise 
filter, while a resistor is use^ as a current limiter. 
The input to the ''^-phase;' half-w^ve magnetic . 
ampUfier is suppUed from the 3-phase Une 
voltage. The output from the magnetic amplifier 
controls regulator output. This output is fed to 
the static exciter. 

STABILIZIlviG CIRCUITS.^The stabilizing 
circuit consists of a lead network (oomprised of 
a 'capacitor arid voltage divider) and a lead-lag' 
rtefwork (a capacitor, resistor, transistor, and. a 
fifter capacitor). The stabilizing circuit permits 
fast regulatbr response with good stability. 



V THEORY OF pPERATION%The static 
voltage regulator (transistor/magnetic amplifier 
type) supf^^s a control signal to the static 
exciter that regulates generator output. This 
control signal is developed in the following' 
manner* The output of autotransformers TJCTl,. 
.T102, and Tl03>.of rectifiers CRI 04, CRIOS, 
and CR10^r;>njd'. of inductor LI 04^ 'is 
proportional to the average of the three 
line-to-neutf^l / voltages. The output of 
autotrahsformers " TiOl, T102, .and T103, as. 
rectified by CRlOlY CRI 02, and CRI 03, 
represents the peak of each Une-to-neutral 
voltage. During normal operation (with balanced 
or moderately unbalanced loads) the peaks of 
the outputs of CRIOI, CR102,^and CR103 wiU 
be slightly under th& voltage from the outpu 
side or L104 ;to ground. IjBence, CIOl will be 
chiarged up to a level representing ^his average 
value, ^d the regulator will regiilafe jthe average 
value of line voltage. During operatfoti with a 
larg^ unbalanced load, the voltage of one of the 
lightly-- ; loaded phases will tend to ' rise 
considerably, thus causing one bf the peak 
voltages fram CRIO), CRIO^ or CRI 03 to 
exceed the average voltage output of LI 04. 
Capacitor ClOl will then be charged up to tHis 
peak value and the regulator will regulftte^nd 
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tend to^.limit the rise of this voltage. This circuit 
is so designed th?it the highest-phase takeover is 
gradual and thejpoint of takeover is not sharply 
defined. (Note that inductors LIOI', L102, and 
LI 03 are radio noise filters and dp not form an . 
essential part of the HPT sensing circuit.) 

The actual voltage being regulated is the . 
voltage* between J1104 and ground, in the 
Voltage divider (R101, R102, RI03, and R104) 
that is connected across capacitpf CI 01 . This 
voltage is compared with tl^e voltage to ground ; > 
to form an error signal. This'error signal is then - 
fed to the transistor preamplifier and from there 
to the magnetic amplifier SX20I to control the 
regulator output. Resistors R 102 and RI03 are - 
used to adjust the line voltage to the desired 
value, Zerier diodes CR 109 and CRl lO fbrm the 
reference voltage. The voltage drop across them 
is almost constant regardless, of operating 
conditions, once the system voltage is built-up. 
Resistor R108 limits the current through tj^ese 
diodes and absorbs the line voltage variations. ' 

It should be* noted that both the voltage 
divider circuit (Rl 01 to R104) and the voltage 
reference circuit (CR109 and CRl 10) are both 
connected to the HPT output. Thusi the same dc 
'voltage will appear across both circuits. Should 
the 3-phase line voftage rise approx^imately 2 
volts line-to-ground^ the voltage rise will be 
.icjpproximately 2 volts dc. Because the voltage 
drop across the Zener 'diode$ is constant, any 
change in voltage will be developed across ,R108 
and applied to the base of Q102*^. The same 
potential with respect to ground rises by the 
ratio of the value of R104 to the sum of the 
values of RlOl , R102, R103, and R104, and'is 
applied to the base of Q 1 0 1 . The ratio of R 1 04 
1p RlOl through R 103 is approximately 16%. 
An error signal of 0.32 volts (16% of 2 volts) is 
then applied to the base of transistor QlOl in 
thQ transistor prearfiplifier. A more positive 
potential of 2 volts fs applied to the base of 
Q102. The. transistor preamplifier is ^so 
cormected that when the base of 01 01 is more 
negative than the base of Q 102,^ as it is when the 
line voltage rises, it will allow less current to 
magnetic amplifier SX201- and control winding 
Fl. At the same time Q 102 will allow more 
current through control winding F2. This 
difference in control winding signals causes the 
output* of the magnetic amplifier to increase. 



thereby refurning the line voltage to normal. 
Conversely, a decrease in line voltage will tend 
to reduce the potential. Thus, the base of QlOl 
iwill be at a higher potential than the base of 
'Q102, and a difference signal \vill be supplied to 
the ITragflelic amplifier causing it to decrease its 
output. ThiviiKjurn, will tend to raise the line 
voltage. 

Thpre are ' a. number of other component^ . 
associated with the transistor preamplifier. They ' 
are: inductor' LI 05 and capacitor C203, which 
form a ripple filter o^i the input base of Q102; 
resistors R 1 06 arid R 107, which are 
gain-stabilizing resistors placed in the transistor 
emitters to stabilize transistor gain over the ' 
equipment's operating temperature range; and 
rectifiers CR107 and CR108, which prevent , 
transistor breakdown by limiting base-to-emitter 
voltages. - ♦ i 

The magnetic ampUfier used to control the 
regulator output is a 3-phase, half-^Wave type, ^ 
and its input is supplied from 3-phase line 
voltage. Rectifiers CR204, CR205, and CR206 
jfifb- so connected that current is fed, to the: 
'limplifier gate*^ windings Al, Bl, and CI during 
the negative half Pf the cycle. By contrast, 
current. flows in the HPT circuit only during the 
positive half of each cycle. During the portion of 
each half cycle in which the arriplifier 
gate winding fires/ a heavy pulse of current will 
flow through the regulator sending leads. If^'the 
sensing lead impedance is high, this current vyill 
cause an instantaneous drop^in the voSage at the 
regulator end of the sensing leads. If the 
magnetic a'mplifier was connected so that 
current flowed to the aniplifier during the 
positive half of each cycle, this voltage drop' 
would affect the Voltage seen by the HPT circuit 
and; cause erroneous regula'tibn. However, the 
HPT circuit will not see voltage drops present 
during the negative half cycle. 

Oth^er components associated with the 
magnetic amplifier are: resistors R210jR211<^ ' 
and R21 27 which ensure that ^eactTmagnBuG 
Amplifier gate winding delivers ait equal share of 
The magnetic amplifier output current; radio 
noise capapitor C210; current-limiting resistor 
• R209; rectifier CR2t)2; and resistor R207,.which • 
limit peak current through CR202. 
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QRCUIT PROTECTION - 

With the incorporation of high-capacity ac 
power systems in navaj airdraft, there came the 
accompanying problems of protecting botH the.' 
aircraft and its ac system from a number *Qf 
possible fault conditions. Such fores^ble 
conditions included power feeder cables shorting. | 
to ground (ground fault), improper ^ system, 
voltage (voltage fault), and improper syste^pi 
frequency (frequency fault). A discussipft''pC> 
each type of fault follows. •"':> " - /^■!v'i^ 

Ground-Fault Protection 

*This; ty,pe° protection comfes into use after a 
ground fault has occurred, mainly to prevent fire 
or damage to the aircraft. The primary function 
of ' protective networks or devices is usually to 
disable a faulty power sy^tenf. However;, so me^c^ 
device^ designed to provide this profection also 
have a secondary feature, that of isolating only 
the damaged or faulty portion of a system, when . 
possible, thus permitting continued use of the 
undamaged portionlj: These may be referred to 
as dual-function devic'es. 

Siriglerfur>ction dSvices do not permit 
vcontinued^^j^^of the undamaged portions, but 
function ^'only to disable and isc^late an entire 
power system when a-fault occurs anywhere jn 
the system*s protected portions. These portioiv 
include only the generator, its power feeder 
cables, and the bus to which it is gonnected, 
(Branch circuits coming off the bus have their 
own fuses arid circuit breakers.) ^ 

The type of device to use in a ()articular ac 
'power system is dictated by the nati^re of the 
equipment supplied by that particular system. 
All such equipment must faU into at least one of 
the following categories: ' ^ 

1. Vital ^^uipment required at all times to 
maintain controlled flight. 

2. Equipment ♦ needed to perform the 
aircraft*s ^ mission, but not *^necessary for 
cbntrplled flight! u r^. 

^ 3, Convenience equipment not necessary 
for either ofthe above-n\entioned items, -> 

Obviously, single-function devices muld not 
.be u;5ed in systems su{j»plying power fo^ uitegory 
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Figure S^S.—tA) Single-function protector; (B) dual- 
function protector. 



(1) equipment. Oh the other hand, it would not* 
be necessary to employ dual-function devices in 
systems supplying power for- category g(3) 
equipment. The choice of device . for category. 

(2) would depend on the importance of 'the 
aircraft's missioii.^ An additional feature of both 
dual- and single-function devices and networks is 
their fail-safe design. This feature is Incorporated 
wherever possible, If a protective device, circuit, 
or network is fail-safe, this means that the 
protected ac power system is riot disabled 
should the. protective equipment itself fail. 

Figure 3-3 illustrates tjvo typical methods 
currently employed , to provide? ground-fault 
protection. Both parts (A) and* (B) depict only, 
one phase of a three-phase gener^it or system, 
where each phase is identically protected. Part 
( A ) is a dffferential-relay single-function 
method, and part (B) is *a fuse mesh 
dual-function method. In "part (A), the two 
current transformers are connected' in^ 
opposition, and their resultant voltage at the 
differential relay is zero. If either the hot feeder 
cable or the groWd feeder cable becomes 
grounded, then the currents through the two 
cables are unequal^ and this results in unequal 
current transformer output ' voltages. The 
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Figure 3^.— OvervoKal^e protector circuit. 



unequal voltages cause the differential relay to 
engrgize, which disconnects the generator field 
excitation and removes power from the ac 
power contactor relay (shown in the power 
on— energized— coijidition). This is a single 
function fault circuit in that it disables the 
entire 3-phase generator by removing the 
generator field excitation, even though there was 
a fault in only one phase of the generator. 

Part (B) of figure 3-3 is the dual-function 
method. If a ground fault occurs on any one of 
the three parallel feeders, the fuses at the ends 
of the faulted feeder open. This isolates only the 
faulted feeder line, allowing continued use of all 
three phases of the generator. 

Under/Overvoltage-Fault 
Protection 

Under normal conditions, system ac voltage 
is controlled by the voltage regulator. However, 
to cope with fpreseeable voltage-fault conditions 
not cpn^^jll^l^ by the regulator, provisions for 



backup voltage-faulty protection are needed -in ac 
power systems. These provisions are made in a 
number of different ways, for different aircraft, 
and the best way to familiarize yourself with 
^any particular method or device is to consult the 
Overhaul Instruction Manual, or the 
Maintenance Instructions Manual. 

One means of obtaining overvoltage 
jjrotection is by the use of fuses in the power 
feeders. These are the same fuses which also 
serve as ground-fault protectors. The ampere 
rating of these fuses is such that non transient 
over-voltages cause sufficient overcurrent to 
open the fuses, before serious damage occurs. 

Where an ov ervoltage ^ tripping relay 
protective device is used, its general circuitry is 
usually similar to that shown in figure 3-4. The 
average of all threcrphase voltages is induced 
into tl^e secondary of the step-down transformer 
and applied through the full-wave rectifier.diode 
matrix to the coil of the trip relay. Trip voltage 
adjustment is made^^with Rl . When a highvoltage 
fault occurs, the trip relay removes power from ^ 
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28VDC 



GEN CONT 
SW 



Rl TRIP 
AMP 



Figure'3-5.— Undervoltage protector circuit. 



208.270 



the AC POWER' CONTACTOR relay and 
supplies its own holding circuit. The generator 
will remain off the line until the generator 
control switch is moved to OFF/R^ET then 
back to the NORM position, or when poWer is 
removed from the aircraft and reapplied. 

Since an overvoltage^s normally the result of 
a voltage regulator failure, some aircraft 
installations, particularly inultigenerator 
installations, do not have a reset capability fojc^ 
an overvoltage condition. There i^ usually a time 
delay network somewhere in the trip relay 
circuit to prevent the relay from energizing on 
transient or spike voltages. ^ ^ 

I' ndervoltage fault protection can be 
provided by a similar circuit; however, different 
conditions must be considered. An undervoltage 
may be caused by a faulty voltage regulator, a 
faulty (shorted) load, or under normal 
conditions when the generator (and prirne 
mover) is being shut down. The load is usually 
protected by a fuse, or circuit breaker. However, 
there are parts of the power circuit that are not 



protected. If a large load (current) is imposed on. 
the generator by a faulty circuit breaker or fuse, 
or a bus is shorted to ground, it can be 
extremely dangerous to the system, the aircraft 
and 'the crew even though the undervoltage itself 
is not dangerous. This is the type of problem 
that the undervoltage protection circuit must 
protect against; 

^llelatively harmless undervoltage conditions 
: * occur from adding large loads, such as 
turning on hydraulic pumps of electrical heaters, 
but with a properly functioning voltage 
regulator th^time period of the undervoltage 
will be very short in duration. To prevent these 
voltage spikes from causing the generator to 
drop off the line, a time delay that may range up' 
to four or five seconds is included in the 
undervoltage circuit. A prolonged undervoltage 
condition, however, will cause the generator to 
trip off the line and the GEN CONT SW (figure 
3-4) must be placed in the OFF/RESET position 
and then back ta NORM to enable the 
generator. To satisfy the requirement that the 
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circuit must be fail safe, the relay must^ be 
deenergized when the ternjinal voltage is at the 
proper level and energized when the voltage 
drops below the undervoltage limit. 

In figure 3-5, the full wave rectifier bridge 
output dc voltage is monitored by the trip 
amplifier through the time delay. Rl sets the 
threshold level at wliich an undervoltage will 
cause the trip relay to energize. Once energized, 
the trip relay has its own holding circuit, from 
28-VDC through the GEN CONT SW., the relay 
coil contacts and coil, to groijnd. The generator 
may be connected back to the buses by pl'acing 
the GEN CONT SW to OFF/RESET and back to 
NORM. However^ ^fth^ undervoltage still exists, 
the circuit will ,$i^i^*^trip the generator off the 
line. . , , 

Underfrequency 
Fault Protection 

During certain phases of ac generator 
operation, it is necessary to. pi vent the 
generator's output from being connected to its 
normal loads. One of riie most common of these 
is during a low-frequency output condition, such 
as when the generator has been started but has 
not reached full speed. Another is when the 
generator has been shut down and slows below a 
safe output frequency. The generator may be 
comiected or disconnected, as needed, through 
the use of any ''of a number of 
frequency-sensitive devices. - 
. The simplest • of these employs a speed 
switch Which closes when the ac generator's 
prime mover attains a safe speed (frequency). ^ 
This speed switch, simply opens or closes the 
circuit to the main ac power contactor. In 
general, a mt^chanical ^speed-switeh coiitrolleS 
circuit is not as sensitive as an electrically 
controlled circuit, so it is used where the 
allowable frequency range is relatively wide. 

Where frequency protection must be limited 
to a narrower range of generator speed, the 
electrical type is generally used. The operating 
^inciples of the most common electrical types 
are similar to those of ^'le simplified circuit 
shown in figure 3-6. 

, 'Capacitor C\ and ipductor Lj make up a 
parallel LC circuit that is tuned to 4p0 Hz. At 
resonance, impedance of the* LC circuit is 
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Figure 3-6.— Electricat underfrequ^ncy protector. 



maximum, which causes a small voltage drop 
across Rl and a large voltage drop across the 
LC circuit (E^g). Since Ey^g is large, it causes a 
sufficient amount of current to flow through the 

. TRIP RELAY coil to cause it to energize and 
supply power to the AC POWER CONTACTOR 
coil. When line frequency decreases, the parallel 
LC circuit comes out of resonance, and the 
decreased impedance causes more voltage drop 
across Rl. E^g decreases as Xl decreases and 
Xq increases, causing a lesser current through 
the TRIP RELAY <:oil. The TRIP RELAY 
deenergizes. This in turn opens the main AC 
POWER CONTRACTOR, and the ac generator is 
disconnected from the bus. Coarse adjustment 
of the trip frequency is made with Rl, and fine 

^adjustment is made with R2. 

9 f 

Phase Sequence Protection 

When a load is to be shared by two ac 
generators, or where a given load may be 
supplied by more than one generator at different 
times, prpyisions must be made forMudicating 
relative geifierator phase rotation prior to 
connecting an ac generator to the bus. A 
common situation where such protection is 
needed is where an external ac power unit may 
be connected to an ac system normally supplied 
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Figure 3-7.— Phase sequence relay. 



by the aircraft ac generator. If the aircraft ac 
generator is connected to the load with a 
positive (ABC) phase rotation, it is not allowable 
to use an external power unit with a negative 
(ACB) phase rotation. A phase 
sequence-sensitive relay designed to prevent this 
is shown in figure 3-7. 

The unit consist of three filter networks, one 
sensitive only to a positive phase sequence, and 
the other two sensitive to a negative phase 
^qbence. Tlie output of two of the networks, 
[marked POS. and NEC. ,^ operate their associated 
foils. When the ac phase sequence at terminals 
B, and C is in the proper direction, the POS. 
coil is energized. If the phase sequence is 
reversed, the NEC. coil is energized. DC voltage 
from the COM. terminal is connected either to 
the POS. SEQ. terminal,^or NEC. SEQ. terminal, 
depending "on wjiich relay coil is energized. 
Thus, external power contactor Kl may be 
closed only when the external power source has 
the correct phase rotation. The third filter 
network is sensitive only to a negative phase 
rotation, and provides a voltage for a light or 
other warning indicator. ^ ^ 

O o 



POWER DISTRIBUTION 

After the ac voltage is produced and 
controlled to the proper voltage and frequency 
levels, another system is used to supply the 
voltage to each separate load. The electrical 
power is supplied to a bus system that will 
eventually supply the individual load. This group 
of buses is called the power distribution system, 
and is different for each type aircraft or 
weapons system. Priorities are estabHshed and 
assigned to each bus so the equipment that a^bus 
supplies will operate only when that bus is 
powered. Assignment of priorities to the various 
buses protects the loads on those buses from a 
faulty generator, and at the same time the 
generator is protected from a faulty load or bus. ' 

Priorities are established by the flight crew's 
need of the components or systems. For 
instance, the instruments required to monitor 
engine performance and flight attitude are 
connected to the bus having the highest priority. 
Lighting and air conditioning are examples of 
equipment that may be put on a bus with the 
lowest priority. Tables 3-1 and 3-2 list avionics 
systems that are powered by the power 
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Table 3-1.-P3C AC Bus Distribution 



MONITORABLE ESSENTIAL AC bCs 
AIR CONDITION INSTRUMENTATION 
AIR FOIL TEMP AND HEAT CAUTION 

. ARA-50 Amplifier 

ARA-25 A/50 ANTENNA 
AUX VENT ACUTATOR 
EMPENNAGE DEICING TIMER MOTOR 
FLT ST A:i:ieN AND CABIN TEMP CONTROL/AND 

indicator 
iXel/rossfeed control 
eubl/tank shutoff valve control' 
fuel quantity indicators (flight station) 
ice detector 

red edge and post lights for overhtlad, 

instrument. and pedestal panels 
landing lights 
f.d.i. (pilot and copilot) 
nesa windshield 
oil cooler fla? control 
temperature datum control 
torquemeter , 
vertical (standby) gyro 
windshield washer pump 
26 volt instrument transformer no. 1 and 

NO. 2 

PILOT AND COPILOT RED INST LTS 

WINDSHIELD WIPERS 

XMFR RECT NO. 1 

NAV/COMM BARO ALT VIB 

ESS LTG & IND CONTROL 

HSI MODE LIGHTS 

FLTDIRPWR ^ 

28V AC FWD LIGHTING XFMR 
C/B PNL RED EDGE 
DOME AND FLT CAPT READING 
RH PITOT HTR 
STEP LIGHT 
SEXTANT 
ROCKET SIGHT 
TAXI LIGHTS 
• WHEEL WELL LIGHTS 
WING AND TAIL LIGHTS 

ELECTRONICS ' 
DOPPLER NAVIGATION RADAR 
UHF-1 TRANSCEIVER 
VHF/VOR-2 RECEIVER-TRANSMITTER 
HF-1 TRANSCEIVER 
ARN-87 BEARING CONVERTERS 
INS 1 

RAWSd AND 2) 

VOR-1 NAVIGATION RECEIVER 

CENTRAL REPEATER SYS 

HSI CONTROL (PILOT, COPILOT, AND NAV/COMM) 
NAV INTERCONNECTION BOX (BUS 1 AND 2) 
TACAN 
TAS 

DATA LINK (DATA TERMINAL SET) - 
COMMSYSSEL 
HF SECURE VOICE 
UHF SECURE VOICE 

BARO ALTIMETERS ENCODER (PILOT AND COPILOT) 

ARMAMENT ^ 
MISSILE AN/ARW-77 
JETTISON PROGRAMMER 
DOORS (SONO WITH PRESS) 
SONO SET 

26 VOLT INSTRUMENT TRANSFORMER NO. 1 
BLEED AIR MANIFOLD PRESSURE INDICATOR 



26 VOLT INSTRUMENT TRANSFORMER NO. 1 -Continued 
F^AP POSITION INDICATOR 
HYDRAULIC PRESSURE INDICATOR SYSTEM 
NO. I 

LEI'T EDC AIR PRESSURE INDICATOR 

NORMAL BRAKE PRESSURE INDICATOR 

OIL COOLER FLAP POSITION INDICATOR (ENGINE 

1 AND ENGINE 4) 

OIL PRESSURE INDICATOR (ENGINE I AND ENGINE 
^> . 

26 VOLT INSTRUMENT TRANSFORMER NO. 2 
EMERGENCY BRAKE PRESSURE INDICATOR 
FUEL CROSSFEED MANIFOLD PRESSURE 
INDICATOR 

HYDRAULIC PRESSURE INDICATOR SYSTEM NO. 2 
OIL COOLER FLAP POSITION INDICATOR (ENGINE 

2 AND ENGINE 3) 

OIL PRESSURE INDICATOR (ENGINE 2 AND ENGINE 
3). 

RIGHT EDC AIR PRESSURE INDICATOR 

START ESSENTIAL AC BUX 

TURBINE INLET TEMPERATURE 

MAIN AC BUS 

EMPENNAGE DEICING (PARTING STRIPS) 

FEATHER PUMP (ENG NO. 1 AND NO. 4 ALT) 

FEATHER PUMP (ENG NO. 2 AND NO. 3) 

FORWARD FUEL TRANSFER PUMP 

XFMR RECTTNO. I 

FUEL BOOST PUMP NO. 1 AND 3 

FUEL blMP JETTISON PUMP 

FUEL FEW INDICATOR 

FUEL QUANTITY INDICATOR 

(FUELING PANEL) 

HYDRAULIC PUMP MO. \ 

OVERHEAD LIGHTS 

PROPELLER SYNC CONTROL 

SIDE WINDSHffiLD HEAT PO^yER 

ELECTTRONICSNO. 1 FEEDER 

CREW LIGHTING (NAV/COMM & SS3) 

LORAN RECEIVER 
" IFF INTERROGATOR 

HF-2 TRANSCEIVER 

ECM 

KEYBOARD SECURITY UNIT 
ON TOP POSITION INDICATOR (OPTI) 
AUTOMATIC PILOT SYSTEM 
TELETYPE SYS 

UTILITY OUTLETS. ^ 

SEARCH RADAR 

LLLTV 

MAD/SAD 

BT RECORDER 

£LECTRONICS NO. 2 FEEDER 
PILOTS DISPLAY 
DATA LINK 
FWD CAMERA 

AFT CAMERA ' 
INS-2 : 
LADDER 
TIME CODE GEN 
^ DIFAR 
UHF-2 

SONOBUOY RECEIVERS H 

UTILITY RECEPTACLES 

S0N0J3 

SSI & 2 LIGHTING 

EDGE LIGHTING (tACCO STATION) 
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Table 3-1.-P3C AC Bus Distribution-Continued 



ELECTRONICS NO, 3 FEEDER 
LOGIC UNITS (1,2 AND 3) 
MAG TAPE TRANSPORTS 
UNIVERSAL KEYSETS 
MULTIPURPOSE DISPLAYS 
AUX READOUTS 
SIGNAL DATA CONVERTER 
SCAN CONVERTER 
ORD IND PANEL 
PILOT KEYSET LIGHTS 
COMPUTER 
RADAR INTERFAX 

FLIGHT ESSENTIAL AC BUS ^ 
APU-141 RADAR ALTIMETER 
IFFTRANSPONERPWR 
ATTD IND, VERT GYRO 
LH PITOT HEATER : 
FDI (PILOT AND COPILOT) 
OUTFLOW VALVE OVERRIDE 
PILOT AND COPILOT READ INST LTS 
ATTD IND, GYRO HORIZON 
GYRO HORIZON (STANDBY) 



MAIN AC BUS B 

AFT FUEL TRANSFER PUMP 

CABIN EXHAUST FAN 

EMPENNAGE DEICING (CYCLE POWER) 

FEATHER PUMPS (ENG. NO. 1 AND 4) 

FLOOR HEATERS 

HEAT EXCHANGER FANS 

FUEL BOOST PUMP NO. 2 AND NO. 4 

GALLEY POWER 

HYDRAULIC PUMP NO. lA AND NO. 2 
PROPELLER ICE POWER AND TEST 
SERCIVE OUTLETS ^ 
WALL HEATERS 

XMFR'RECT NO, 2 ' ^ 

AFT LIGHT Tl6vNSF0RMER 

BOMB BAY, LAV AND GALLEY UGHTS 
SERVICE AND CIRCUIT BREAKER PANEL 

UGHTS 
28V AC LIGHTING BUS 
ROTATING BEACONS 



distribution system in the P-3C aircraft. Many of 
these systems are not applicable to other Naval 
aircraft. As su^ii^it would be inappropriate to 
have the same bus system in all types of aircraft. 
The following Ms a discussion of a representative 
power distribution system used in the P-3C. 

P-3C POWER DISTRIBUTION 

The P-3C contains four identical and . 
interchangeable 1 1 5-volt, AOO-Uz, 66-KVA 
generators. Three of the generators^are identified 
as No. 2, No. 3, and No. 4 to correspond to the 
aircraft engine they are mounted on (the No. 1 
engine does not have a generator). The fourth 
generator is installed on an air^jaft-mounted 
auxiliary power unit (APU)* and is called the ^ 
APU generator. Voltage and frequency control ' 
and fault protection of each generator is 
provided by individual supervisory panels. 
Operation of these panels is discussed in Chapter 
7 of Aviation Electrician's Mate 3 and 2, 
NAVEDTRA 10348-D. AC power can also be 
supplied by an external source through the use . 
of an external power receptacle. 

Three identical trapsformer-rectifiers (TR) 
and a 24-volt battery supply the dc power for 
the aircraft. TRs No. 1 and 2 are capable of 
supplying dc power for the entire aircraft, but 
TR No. 3 may supply dc power only for the 



essential bus. Input to the TRs is 1 1 5-V, 400-Hz, 
3-phase from the ac generators. The battery 
provides emergency power and is able to supply 
an inverter which supplies ac power to ce'rtaii[i 
critical instruments. The battery can also be 
used to start the APU. 



In the P-3C, there are three steps in the 
priority system for the ac buses, plus one 
special-purpose bus. The bus priorities are 
assigned in the following order: 

1 . . FLIGHT ESSENTIAL AC BUS 

2, MOI^ITORABLE ESSENTL\L AC BUS 
' 3, MAIN AC BUS 

The special-purpose bus is called the START 
ESSENTIAL AC BUS and powers only the 
Turbine Inlet Temperature indicatory. The bus 
must be available not only during start but any 
time the engines are operating, as the TIT 
indicators monitor the operation of the engines. 
The engines will still operate without this bus 
being hot, but an important means of 
monitoring engine performance is lost. The 
engine temperature, must be monitored during 
starts so that an overtemperature does not Occur 
and cause damage to the engine or start a fire in 
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Table 3^2.-P3C DC Bus Distribution 




MONITORABLE ESSENTIAL Dlb^US 
AMAC POWER AND CON^JPL 
' AIR CONDITIONING BLOWftl CONTROL (L AND R) 
ANGLE OF ATTACK 
AIR MULTIPLIER VALVE 
APU ESSENTIAL BUS FEEDER 
AUXVEKT 

BOMB BACK LOCK PQWR 
BUS A AND BOS B CONTROLS 
COMf ASS UGHT " ' 
CONSOLE (PILOT, COPILOT RED EDGE) 
EDC DISCONNECT L AND R » ^ 
EDC DUMP L AND R s ^ 
* EMER ENGINE SHUTDOWN CONTROL I, 2, 3/4 
ENGINE ICE CONTROL ' 
n RE DETECTORS 
FIRE DETECTOR HORN 
nRE EXTINGUISHER SYSTEM 
FUGHT IDLE STOPS 
GENERATOR 2, 3, AND 4 CONTROLS 
GENERATOR 4 TRANSFER ^ 
HYDR AULIC PUMP NO. I A CONTROL 
NESA WINDSHIELD L AND R 
OIL TANK SHUTOFF VALVE CONTROL 
POWER SENSING 

PROP FEATHER CONTROLS NO. 1 AND NO. 4 
RUDDER BOOST SHUTOFF VALVE : 
WARNING LIGHTS (RED) ' ^ ' 

IFF TRANSPONDER CONTROL PWR - , 
IFF TEST SET 
SIGNAL LIGHTS 

TURN RATE GYRO (PILOT AND COPILOT) 
RAWS (1 AND 2 TEST) . 
res AND LIGHTS (PILOT, COPILOT) 
FLIGHT DIRECTOR 

ELECTRONIC PWR NO. I 
COMM SYS SEL 
NAV INTER BOX 
CENTRAL REPEATER SYS 
DATA LINK (DATA TERMINAL SET) 

ELECTRONIC PWR NO. 2 

TACCO STA FLOOD LIGHTS 
TAS 

HF'l ' , 

tacan 

vhf/v0r«2 receiver/transmitter 

VOR«l RECEIVER 
INTERPHONE 

DOPPLER RADAR • 
UHF-1 ^ ' 
UHF SECURE VOICE 
HF SECURE VOICE 

INS-1 , 
' ALTIMETER VIB-(PILOT AND COPILOT) 

ARMAMENT JETTISON 
BOMB BAY DOOR CONT 
BOMB BAY STORES 
JETTISON CONTROL 
LEFT WIND JETOSON 
RIGHT WING JETTISON 



APU ESSENTIAL DC BUS 
DOOR POS LIGHT 
EXH DOOR ACT. 
FIRE DET. HORN 
RRE EXTINGUISHER 
-AUTO CONTROL 
-AUTO RELEASE 
-MANUAL CONTROL 



APU ESSENTLVL DC BUS-Continued 

-MANUAL RELEASE • . 

• INTAKE DOOR ACTUATOR 

START ESSENTIAL DC BUj; ' ^ . 

PRIMER CONTROL 

FUEL AND IGNITION CONTROL 
- START CONTROL . 

FUEL SHUTOFF VALVES 

TEMP DATUM CONTROL v 
BLEED AIR FIREWALL SHUTQF^^ VALVES 
FUSELAGE BLEED AIR ISOLATION VALVES 
INVERTER POWER 

GRQUND OPERATION DC BUS 
APU CONTROLS 
EXTERNAL POWER 
HYDRAULIC PUMP CONTROL NO. I B . 
HYDRAULIC PUMP POWER NO. IB 
OIL QUANTITY INDICATORS 

FLIGHT ESSENTIAL DC BUS 

IFF EMERGENCY CONTROL/ZERO POWER 
COMMAND BELL . 
FLIGHT STATION UTILITY LIGHTS 
GEN4AUXC0NT 
GRNl) OPER BUS RELAY 
" INVERTER RELAY 
PROPELLER PITCHLOCKRESfiT ' 
TURN RATE GYRO (PILOT) . r 
SECURE VOICE ZERO 

MAIN DC BUS ' 
RACK OVERHEAD 
BOMB BAY HEAT CONTROL 
CABIN EXHAUST FAN CONTROL 
COUNTING ACCEL , 
DUCT OVERHEAT TEST ^ 
EMPANNAQE DEICING CONTROL 
EXTERIOR LIGHTS 

FIRE EXTINGUISHER CONTROL (ALlSlk 

FREE AIR TEMPERATURE INDICATION^? 

FUEL BOOST AND TRANSFER PUMPS CONTROL 

FUEL DUMP SWITCH AND DUMP VALVE 7 

FUEL INLET^VALVES AND REFUEL CONTROL 

FUEL.QUANTITY SYS TEST ' 

GROUND AIR SENSING 

HYDRAULIC FLUID QUANTITY 

HYDRAULIC PUMP CONTROL NO. 1 AND NO. 2 

LANDING GEAR CONTROL ; 

LANDING GEAR INDICATION AND WARNING 

L AND R FLAP BK 

LATCH AND RELEASE 

LOAD MONITORING CONJTROL ^ 

LOAD MONITORING RELAYS 

LOW RPM SOLENOID ! 

NEGATIVE TORQUE SYSTEM CHECK v 

OIL QUANTITY AND TEMP INDICATORS H 

PROPELLER AND WING ICE CONTROL 

PROPELLER AUTOFEATHER 

PROP FEATHER CONTROLS NO. 2 AND NO. 3 ' 

PILOTS DISPLAY CONTROL 

PROP SYNC 

UTIUTY RECEPTACLES 

SIDE WINDSHIELD HEAT CONTROL 

ROTATING BEACONS ' ; , 

ARMAMENT 

ARMAMENT POWER 

BOMB BAY DOORS 

KILL STORES : . ^ 

KILL POWER RELAY . ^ 
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/. ^ Table 3 2,-P3C DC Bus Distribution-Continued 




I RELAY .V'4«V^ 



ARMAMENT-Continxicd - 
SEARCH STORES 
SEARCH POWER 1 
TORFEDO 

soNO r^lJase ] 

KILL STORES POWER (L-W?1l%AISID BOMB HAY) 
V- '* X^'.' ^ .' ' . 

MAIN DC ELECTRONIC r-EEDFfc;i^;?i.M 
' * l^D CAMERA V "i^"^-^ 
. AFT CAMERA % ' i t 

ADI- ' •-i, .:^/^^v 

UHFCLIDESLOP?;-^^' 1,^^^ 
DATALINKj. A' l' . 
TACCO STA CIGHT iN D t * 
TACTDC AX DtSRIlAY^ PI LOT ;t 

DPS PWR Drsf':K)x V 

COM PUTE Ri AiTW ^ f f 

MAIN DC^ELECT^pr%:7-EEDEi?.N0.^ 
DIFAJR ^ - * : 
SSI AND 2 t!l6nTS' ' > 

SONO WAP^ W':CORt>ER ■\ 



the ,nac'eHa Even if all four generators tail, the 

"START Essential ac bus can stiii.be 

powered from, the aircraft battery through the 
use of an emergqicy inverter. By enabling the 
. bus to be powered by the battery, engine starts, 
.. may be accomplished even when no external 
-source bf electrical power (pr APU) is available. 

The FLIGHT essential AC BUS povyers 
equipment that is netcssary. for the safe 
operation of J he aircraft (table 3-1). (The 
' aircraft can. be flown, ■ under emergency 
^conditions, even without the fLKiHT 
. /feSSENTlAL AC BUS./ The ILICIIT 
eS^.i^NTlAL At BUS can receive power frofn 
an^^^terational generator, but is the last bus, to 
ilose 1^6'wer when'a- multiple ac generator failure 
occurS,^The equipment Jt supplies is primary 
for aifcr^^t operation undencertaih operational 
> conditions. ' • 

The NK)NITORABLE ESSENTIAL AC BUS 
powers systems and equipment that are essential 
for the efficient operation of the aircraft. 
Operation of this bus is necessary for the aircraft 
to complete its missioru It supphes all primary 
navigation and communications systems. If the 
bus loses power, the aircraft must land at the 

nearest available airport. 

■ , • ■ ■ ..■ 

There are two MAIN AG bus^sMii the 

P-3C-^MAIN AG'BUS A and MAIN>AQi&US B. 



MAIN DC ELliCTRONIC F*EEDER NO. 2-Continued 
SONO JUNCTION BOX 

MAIN DC ElETPRO^lIC FEEDER NO. 3 

' LAH[)Df'K'CONTROL ^ 

INS-2'CONT >r ' . 
' EDGE LIQHbTS LH* 3§BH OBS STA 

SEAR^l^ADAR.' > 
, -ECM -^"'" ■ ^ 

U'F INTERROGATOR . • 

LLLTV SERVO 

nF-2 . ^ 

BIT RECORDER 

•MAD , . 

SAD • ' 

AUTOPILOT 
OTPI 

UHF DF ^ 
MKR BEACON 
SS-3 LIGHTS 
N^AV/COMM LIGHTS 
' -. UHI-2 



These two buses have the same priority and 
power high usage and "nice to have" systems • 
and equipment; i.e., back-up communications 
and navigation systems, deicing systems, and 
hydraulic pumps. These systems are the least 
necessary, or would be the most damaging to the 
electrical power system should a failure occur. 
They are last on the priority list. 

The -three -jnajor buses in the' dc power 
diiitribution system have the same priorities 
assigned a3 Mfie -ac system. The .FLIGHT 
L SSENTfAL *DC BUS has the highest priority, 
rthc MONITORABLE ESSENTIAL DC BUS the 
second highest priority, and the MAIN DC BUS 
has the lowest priority. With the generators 
operating, the FLIGmT ESSENTIAL DC BUS is 
connected .to both the MONITORABLE " 
ESSENTIAL^ DC BU§ (rectified ac generator 
power or external ac power) and to the battery. 
Since the battery voltage is less than the 
rectified ac voltage, the battery is kept in a 
charged state; and if the generated voltage fails, 
the battery will take over automatically. 

There are' three special-purpose buses in the 
dc power distributiori system. The START 
ESSENTIAL DC BUS is the most important of 
these and powers equipment necessary to sjart 
the aircraft engines. If the generated dc voltage 
fails, or if . the APU and an external source of 
electrical power is hot available to starts the 
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en^nes, the START ESSENTIAL DC BUS may 
be powered from the battery. 

The equipment supplied by the GROUND 
OPERATION DC BUS is necessary only when 
the aircraft is not airborne. It is jiowered by 
either the battery or by rectified ac until the 
nosegear uplock switch is actuated. In order to 
receive external electrical. power, or to start the. 
APU, this bus must be hot.. 
* ' The APU ESSENTIAL DC BUS is'powered 
by^ the MONITORABLE ESSENTIAL DC BUS 
whenever that bus is hot. The APfel ESSENTIAL. 
DC BUS may also be powered by the GROUND 
OPERATION DC BUS so that the APU may be 
started from the battery. The cdiitrols "for 
operation of the APU are powered from the 
GROUND OPERATION DC BUS. -However, 
shutdown and emergency power for the- APU, 
such as fire detection, fire extinguishing and 
exhau^ door operation, niust be available even 
if the GROUND OPERATION DC BUS is lost. 

' Operation \ 

^ With only the battery connected and no 
other power applied to the aircraft, the FLIGHT 
ESSENTIAL DC, the GROUND OPERATION' 
DC, and the APU ESSENTIAL DC buses are hot 
(see fig. 3-8). By having these three buses 
powered, (1) power is "enabled from an external 
source, (2) the APU may be started and 
electrical power supplied through its generator, 
or, (3) the aircraft engines may be' started and 
electrical power supplied frorp them. Tlie 
aircraft battery alone should not be used to start ^ 
the engines except in an eytxeme emergency. 
Since pneumatic power is also required to start 
the engines, an external source o/ air is required 
even thcadgh the aircraft battery >can be/used as 
the only source of electrical power. 

EXTERNAL POWER.-When an external 
source of power is applied to the aircraft, dc 
power is taken from the GROUND 
OPERATION DC BUS external power control 
circuit breaker and supplied to the external 
power switchvon the flight station overhead 
control panel. When the external power switch is 
placed in the ON position, dc poWer is supplied 
through shorted pins E and F in the external 
powder cable to the external power monitor. 



When the voltage, frequency, and phase , 
relationship ,are within tolerance,^ the monitor 
will supply power to the coil of transfer r^Jji^ . 

When transfer relay No. 4 ehergize^fts';^' 
contacts supply ;3-phase ac power' thro^lgl^^^* 
deenergized contacts of run-around relay No.^l^, > ^ 
' energizing run-around relay No. 2. The energized "^'^-^ 
contacts of run-around relay No. 2 supply pow^r 
to energize the essential ac bus relay No. 2 anc^^ 
the e'ssential ac bus monitoring relay (on thS • 
condition that the essential^ bus jInOnitoring 
switch on ^the - flight station overhead cpritrol: 
panel is in the ON position). The No. 2 relay 
supplies power to the FLIGHT ESSENTIAL AC 
BUS. The monitoring relay supplies power to 
the MONITORABLE ESSENTIAL AC<^BUS and, ' 
through deenergized contacts of the invert 
power relay, tiP the START ESSENTAIL AC 
BUS. 

DC'power is then developed by TR'3 from 
monitorable essential ac power to supply the 

. MONITORABLE ESSENTIAL DC BUS. The 
MONITORABLE ESSENTIAL DC BUS supplies ^ 
power through Blocking Diode No, 2 to the . 
IFLIGHT ESSENTAIL DC BUS and the 
GROUND OPERATION DC BUS. The APU 
ESSENTAIL DC BUS is powered from the 
MONITORABLE ESSENTIAL DC BUS through 
energized contacts of the power-sensing relay. 
The START , ESSENTIAL DC BUS is also 
powered from the MONITORABLE 
ESSENTIAL DC BUS through deenergized 
contacts of the Inverter Powel^^Jay. Blocking 

' Diode No. 1 prevents current Kom flowing to , 
the main dc buses. . ' ' 

Power is supplied from the bus A corit?ol 
circuit breaker on the MONITORABLE 
ESSENTIAL DCr>US . through the A Bus 
Monitoring Switih, through the deenergized 
contacts of the Avxiliary Control Relay (ACR) 
in the #2 generator supervisory panpl, to the 2B 
coil of Transfer Relay 2. lli^f'^armatures' of 
transfer relays No. 2 and No. 3 ai^e pivoted so 
that only one set of contacts (i.e. 2A or 2B) may 
be made at any one time. When power is 
removed, the contacts return to the position 
shown. External electrical power is routed 
through energized contacts of Transfer Relay 4, 
through deenergized contacts pf Transfer Relay 
6, and enei;gized (2B) contacts of Transfer Relay 



5 to the MAIN AC BUS A. fransformer-recjtifier 

1 then develops the dc power to supply the 
MAINDCBUS. 

•The bus B control /irciiit breaker supplies. . 
power tlirough the B Bus 'Monitoring Switch, 
through' the No. 3 gefltrator supervisory panel, 
to. the 3B coil. External powef'is then suppliqjl \ 
WifOugh Transfer Relays 4, 5,' and 3B to the '* 
MAIN Ac BUS a TR ^2 changes the MAIN AC 
BUS power to dc and also supplies the MAIN 
DC " BUS, , At this time all of the ^ppwer 
0 distribution^buses are being powered. 

APU GF.NERATOR.-When the APU is 
started, the APU supervisory panel controls and 
monitors . the operation of the generator When 
the generator is able to accept the load^the ACR 
(auxiliary control relay) energizes, opening the 
-contacts that supply power to the Gen. 4 
Control Aux Relay, Deenergizing Gen. 4Cpntrol 
Aux Relay, deenergizes the Transfer Relays 5 . 
and 6. . 

If generator No. 4 is not available (Transfer 
Relay 7) and no external power is appHed 
(Transfer Relay 4), power is supplied to the 
nm-around relays. Assuming that generator No. 

2 is not available. Run-around Relay 1 will be 
deenergized, and ac voltage from the APU 
generator will energize Run-around Relay 2, 
supplying power to the essential ac buses and 
the dc buses. °Tlie bus A and B control circuit 
breakers on the MONITORABLE ESSENTIAL 
DC BUS supply power throi^gh the bus A and B . 
monitoring switches to the B side of Transfer 
Relays 2 and 3. The APU generator then powers 
all ac and dc buses| 

GliNERATOR NO. r2.-When generator No. 
2 is availabkvft>i load, the ACR relay in the No. 
2 generator supervisory pajieU, energizes. 
Rectified dc power from the PMG is supplied 
tlirough the Bus A Monitoring Switch and 
through closed contacts of the ACR relay in the . 
supervisory panel to t'he 2A side' of Transfer 
Relay 2. Transfer Relay 2 supplies power to 
MAIN AC BUS A. With the Essential Bus 
Monitoring Switch on the flight station overhead 
panel in the ON position, Essential AC Bus 
Relay 1 energizes, and MAIN AC BUS A 
supplies |X)wer to the MONITORABLE 
ESSENTIAL and START ESSENTIAL AC 



buses. TR. 1 supplt^s the; MAIN DC BUS from 
the MAIN AC BIJS A, and TR3 supplies the 
essential dc buses from the MONITORABLE 
ESSENTIAL AC BUS. : / 

The aCl';- voltage^, from generator No. 2^ 
energizes RjTn-around Relays 1 arxi 2 to supply 
power to ttie FLIGHT ESSENTIAL AC BUS. 
Curfei]t from the Gen 4 Transfer circuit breaker 
on ,tjie MONITORABLE ESSENTIAL DG BUS 
flows through the d'^cnergized cpntacts of the 
ACR relay in. the APU«upervisory panel (APU 
not available), through deenergized contacts of 
Transfer Relay 7 (generator No. 4 not available), 
through deenergized contacts of Transfer Relay 
4 (external power not available) to energize Gen 
4 Control Aux Relay. Power from the energized 
contacts of Gen 4 Control Aux Relay energizes 
Transfer Relays 5 and 6. Generator 2 power is 
then suppHed through energized contacts of 
Transfer Relay 5, through energized Transfer 
Relay 3B (energized- b;^ dc power from the Bus 
B Control circuit jibreaker on the 
MONITORABLE ESSENTL\L DC BUS) to the 
MAIN AC BUS, B. TR 2 provides a parallel or 
backup source of dc power for the MAIN DC 
BUS from the MIAIN AC BUS B. ^ 

GENERATOR' NO. 3.-Geperator No. 3 
supplies power to any or all of the- ac jand dc 
buses, just as any of the other generators. If it is 
the* only operating generator, it suppHes power to 
the MAIN AC BUS B via the A contacts of 
^Transfer Relay 3. FLIGHTT ESSENTIAL AC 
receives its power through deenergized contacts 
of Run-around Relay 2 ind energized contacts of 
Essential AC Bus Relay 2. The MAIN AC BUS 
A, MONITORABLE ESSENTIAL AC, START 
ESSENTIAL AC, and ail of the dc buses (from 
their appropriate TRs) are powered through 
Transfer Relay 6 and the B side of Transfer 
Relay 2. ' 

If both generators No. 2 and 3 are operating, 
generator No. 2 supplies' the FLIGHT 
ESSENTIAL A(;^£US through the run-around 
relays. Generator No. 2 also supplies the MAIN 
AG BUS A, the MONITORABLE ESSENTIAL 
AC BUS, START ESSENTIAL AQ BUS', and all' 

the dc. buses through the appropriate TRs. 
Generator No. 3 supplies only the MAIN AC 
BUS B and thq MAIN DC BUS. (through TR 2).' 
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GENERATOR NQ. 4. -^Generator No. 4 is' 
the standby generator. When generators 2 ar/d 3 
are supplying the load, generator 4 is available 
,but does not feed any. bus/ When generator 4 is • 
available to supply a load, the ACR relay in its 
supervisory panel energizes. The Gen 4 Aux 
Cont circuit breaker onMhe FLIGHT 
ESSENTIAL DC BUS supplies power through ' 
. the energiz4?d contacts of the ACR relay to - 
energize Transfer Relay 7. Energized contacts of - 
Transfer ]<elay 7 prevent Transfer Relays '5 apd 
6 'from KtSjig ener^zed. Transfer ^elay 7 also V 
gives generator 4 priority over th^ APU ' 
generator. ' y ; V^r*^' » » 

In the normal flight condition, generators 2, 
3, a,nd 4r-^e operating and the aPU is shut 
dowiV.Jf generator 2 fails in flight, generator'4 " 
will ;assu1ne its load. The ACR relay in the 
generator 2 supervisory panel deenergiz^s and 
removes power from Transfer Relay eoil 2A. 
Deenergized contacts of the ACR relay connect^ 
PQwer from the Bus A Control circuit breaker^ 
on the MONITORABLE ESSENTIAL DC BUS 
to^the .2B coil • AC power is connected through 
Transfer Relay 6 and the B Contacts of Transftft 
Relay 2 to MAIN AC BUS A, and 'through 
contacts of the Essential AC Bus Relay 1 to the 
MONITORABLE ESSENTIAL AC BUS and,the 
START ESSENTIAL 'AC BUS. Run-Around 
V^j^lay 1 also deenergizes when generator 2 fails. . 
Deenergized contacts of Run-Around Relay 1. 
connect generator. 4 to the FLIGHT 
ESSENTIAL AC BUS: 

Assuming that the three engine-driven 
generators are operating normally and generator - 
3 fails-generator ^4 takes 'over the load for 
generator 3. Generator 4 supplies ppwer'through 
deenergized contacts of Transfer Relay 3B to 
the MAIN A<? BUS B. Generator 2 supplies all 
other buses. ' ^ 

. . In the event Ithat both generators 2 and 3 fail . 
•in flight, generator 4 will supply the entire 
-.electrical load for the aircraft through the same 
/relays that wore, discussed earlier for operation * 
{i^SVith external. powef^and the APU. When either 
generator 2 or 3 fails, the APU may be started to 
.provide an additional electrical power sdurce in 

♦tHe'event generator 4 fails. _J . 

; ^ If generator 4 is thesonly generator available 
"in /light, the APU is started as a* backup for 
generator. 4. Under this .condition, generator 4 



supplies the entire feljectrical^load and the APU 
remains as a backup'^buly. If generator 4 .fails, 
the entire electrical load is switched irnrnediately 
to the APU generator. 

In the event that all. four generators fail in 
flight, the. Inverter Battery Test Switch may be 
held in the test position, or the engine start 
'selector may be* positioned to any engine, .to 
energize the inverter power jelay. Battery power 
is then supplied from»;the FLIQHT ESSENTIAL 
DC BUS through the Inverter Powder, Relay 
contacts to the START -ESSENTIAL- DC feUS. 
The START ESSENTIAL AC BUS is poAvered 
from the emergency inverter and contacts|)f the ' 
Inverter Power Relay. : . , 

E L E C T R 1 C A L-^ F I % E 
EMERGENCIES.-Fires in flight can b^ .vefy 
hazardoys, and electrical fires.^ may be extremely 
hard to find. In the "event of a fire in flight; the 
Bus Monitoring switches and' the generator, 
control^switches on the flight station .overliead 
panel may be turned . off in a sequence to isolate 
certain portions of the electrical distribution 
system, * / . 

The A Bus Mpnitojring Switch is first to be 
turned OFF, which inteijupts dc power to 
Transfer .clay 2, removing powder from MAIN* 
AC BUS A and disabUng TR L;f^he Essential AC 
Bus Relay -2 deenergizes and cfonnects generator 
2 power from the run-arbund relayTfo *the 
MONITORABLE and START ESSENTIAL AC 
buses. TR 2 continues to power the MAIN DC 
BUS from the MAIN AC BUS B. Only MaIN AG 
BUS A is lost. • ; / 

If the lire doe? xiot $top or Js' still not 
located, the B Bu^^ 'vJEfcfriitcring Switch is Jurned 
OFF. Power to Tran'^fer Rjlay 3 is iremoved, 
which disables MAit^i;.i^<^^ B and TR.^X; 
Since TR 1 was disaf^edh^hen the A Bus> 
Monitoring Switch was tWned OFF, the MAIN 
DC BUS is disabled. generator 2 continues to 
supply the essential/^dc feuscS through the 
run-around relays. TR 3 poSi^e^iis the essential dc 
buses, is prevented from supf^iying the MAIN 
DC BUS by Blocking Diod^o: l,;Generator 3 
atid 4 are not connected to any bus^t this time; 
however, all three generators are supplying ac 
power from their respective engine nacelles up 
to the transfer relays whicfi are locat(id in tlite 
cabin area. " . ' . ' ■ - 
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The next step is to turn off the control 
switches for generators 2 and 3, which renioves 
the field voltage from the^ generators. This shuts 
off the generator voltage ^at the generator rather 
than in the cabin. When generator 2. is not, 
available, Run-Around Relay 1 deenergizes to* 
pick up the generator 4 voltage to supply the 
essential ac and dc buses. - \. 

■ ■ . > . „ • _ 

The next step is to tur^off the Essential Bus 
Monitoring Switch. This .deenergize& Essential 
AC Bus ..Relay 1 and Monitoring Relay, which 
removes power from the MONITOkABLI^ and 
START 'essential AC BUSES and from TR 
^3. The FLIGHT ESSENTTAL AC • BUS is 
supplied by generator 4 through deenergized 
Run- Around Relay I, Run-Around Relay 2, and 
ertergized Essential AC Bus Relay 2. When 
power is removed from TR 3, power is also lost 
to the MONITORAfeLE ESSENTIAL, START 
ESSENTIAL, and APU ESSENTIAL DC 
BUSES. The battery supplies uninterrupted 



power to the FLIGHT ESSENTIAL DC BUS; 
however, whilQ the aircraft is still alrtome, the 
Ground Bus Relay remains eneigized and the 
GROUND OPERATION DC B\]^ is without 
power. Blocking Diode. 2 prevents the FLIGHT 

* ESSENTIAL DX: BUS from powering the other 
« essjeritial dc buses. ' * * V 

Th6 final step in securii]g el^^cttical power is 
to tiim generator 4 OFF. The Generator 4 

' Control S\yrtch in th^ pF%position removes the 
generator field excitation^which stops current 
flow at the geja,eral©r and rernoves power from 
the FLIGHT ESSENTIAL AC BUS. the only , 
possible ac power is from the emergency inverter/ 
to the START^SSENTIAL AC BUS when^an^ 
engine is selected mth the Start Selector Switch^ 
or if the Inverter Test Switch is placed in the"- 
TEST position. DC power available to the 
FLIGHT ESSENTIAL^ AC ^S only ; hoWever, 
batjtery power may be supplied to the GROUND 
OPERATION DC BUS and APU 'ESSENTIAL 

r BUS and/f)r STAR'&ESSENTIAL DC BUS. 
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AIR DATA COMPUTER SYSTEMS 



Aircraft that operate below an airspeed of 
approximately 0.9 Mach are able to use raw 
pitot and static pressures to develop sufficiently 
accurate indications of airspeed, altitude, and 
rate of climb. Aircraft operating in this speed 
range utilize the pressures that are sensed by the 
pitot-static ports. 

Modern supersonic aircraft that operate in a 
much larger speed fange require more accurate 
pressures; particularly in the high speed rangeS' 
where pressures are built up on the external skin 
of the aircraft. These pressures cause a distortion 
of the normal flow of air and cause false 
pressures to be sensed by the pitot-static syster 
which then supplies erroneous infonAatiortio 
^the flight instruments. The altimeter, for 
instance, may indicate' in excess of a 3,000-foot 
error. A 3,000-foot error ^iri altitude is 
intolerable and could put an aircraft in an 
extremely dangerous position. 

The systems used to compensate for altitude 
and other pitot-static errors is generally called 
air .data computer systems (ADCS). Many 
variations exist in both the name of the systems 
and the methods in which the data is developed. 
The system used in the F-14 is strictly a digital 
computer system and is referred to as the Cjpntral 
air data computer (CADC). The system u$ed by 
the S-r3 is called an airspeed altitude computer 
set (AACS), -which is also a digital computer but 
very different from that in the F-14, 

The system used in this manual to illustrate 
the operation of a typical air data computer is 
the one used in the F-4 Phantom II. This system 
uses an analog computer and is referred to as the 
central air data computer. 



PRINCIPLES OF OPERATION 

fhe cen^Jral air data computer receives 
information from pressure-sensitive and 
temperature-sensitive units mounted op external 
points of the aircraft. It then compensates for 
inherent errors and . transmits the corrected 
information to other systems in the aircraft. 
Concurrently, it detects any chafiges in pressure 
^and temperature information ^nd converts these 
ito usable signals which are transmitted along 
viih iht pressure and temperature signals. The 
lelectrical signal outputs are representative of 
altitude, Mach number, true airspeed, angle of 
attack, total temperature, and impact pressure. 
There is also a pneumatic output of corrected 
static pressure, which is used by the cockpit 
instruments (barometric altimeter, airspeed, and 
vertical speed indicators) and by ^ome modules 
within the air data computer. 

There are four data inputs supplied to the 
CADC— total pressure, indicated static pressure, 
.indicated angle of attack, anc;} total temperature. 
Command and test signal inputs use the available 
raw and corrected primary data for making 
functional tests of various CADC outputs. The 
complete input and output signal groups can be 
keen in figure 4-1^ 

table 4-1 is a list of symbols referred to in 
this chapter, and their respective definitions. 
These symbols should be studied carefully to 
enable the reader to gain a complete 
understanding of the remainder of this chapter. 



COMPONENTS 

The 4» central air data computer ii an 
electromechanical ,^nalog com|iuter, composed 
of^'t^base assembly. (chassis) and. the computing 
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INPUTS 



OUTPUTS 



TOTAL PRESSURE ' 


'''' 

^NTRAL 
XlR DATA 
COMPli]|R 

• ^ 


MArH NUMiER OUTPUTS 


IMjjjjcT PRESSURE OUTPUTS ^ ' ' ^ 


INWCATED STATIC PRESSURE * ^ 


ANGLE OF ATTACK OUTPUTS 


LO^ARITH^^ OF TRUE STATIC PRESSURE OUTPJUTS ^ 


INDICATED ANGU OF ATTACK ^ 


PRESSURE ALTITUDE OUTPUTS ^ 


TRUE STATIC PRESSURE OUTPUTS ^ 


TOTAL TEMPERATURE ^ 


TRUE STATIC PRESSURE (PNEUMATICJ ^ 


TRUE AIR-SPEED OUTPUTS ^ 


COMMAND 




TOTAL TEMPERATURE OUTPUT ^ 





STATIC PRESSURE COMPENSATOR RESET COMMAND 
MACH-HOLD COMMAND 



ALTITUDE-HOLD COMMAND 



*BUILT-IN-TEST COMMANp 



STATIC PRESSURE COMPENSATOR FAIL-SAFE INDICATION 



CHANGE IN LOGARITHM OF TRUE STATIC PRESSURE OUTPUT^ 
CHANGE IN MACH NUMBER OUTPUT 



*FIXED ANGLE>OF-ATTACK CORRECTION OUTPUTS 



•FIXED TRUE AIR-SPEED OUTPUT 



•FIXED LOGARITHM OF TRUE STATIC PRESSURE OUTPUTS, 



•FIXED TRUE STATIC PRESSURE OUTPUTS 



•FOR TESTIN6 AMCS ONLY 
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Figure 4-1.-CADC sigqal input ancf output data. 



sections. The'^^* chassis contains all the 
interconnecting harnesses, and provides the 
housing for the modular computing sections. Six 
major modules and -their associnttd amplifiers 
and circuitry are discussed in I his chapter. The 
six miijor modules are 



1 . Static pressure' compensator 

2. Pressure ratio transducer 

3. Logarithm pressure controller 

4. Total ten^perature and true 
servo module 

5. Mach sector assembly module 

6. Computer gearbox module 



airspeed 



The utilization of plug-in modules assures easier 
maintenance of the system. Figure 4-2(A) shoNys 
the top. rear view of the CADC; figure 4-2(8) 
shows the bottom view. 

Both electrical and pneumatic j power are 
required for operation of the CADC. The 



require^ electrical power is 115 volts, 400-Hz, 
S-phase, and 28 volts dc. Other voltages are 
applied ta output potentiometers within the 
CADC by the systems that require CADC data. 
Powir is connected to the computer in such a 
way that should there be a power failure, the 
system iW automatically provide incorrected'' 
outputs u) the instruments and supported 
systems. This is .called a fail-safe system and, 
when failure occurs, 'is indicated by a caution 
light in the cockpit. The pneumatic power 
required is from 14 to 250 psig, and is supplied 
by the enguie. . 



INPUTS 



Figure 4-3 shows part of the input data, the 
pitot-static system, Jn the F-4, Notice that all 
static pressure routed to the flight instruments 
must first pass through the CAIX^. This • 
schematic shows pneumatic inputs only; both % 



EKLC 



62 



Hi) 



V 

Chapter 4~AIR DATA COMPUTER*SYSTEMS 



Table 4-1. -Symbols used with CADC 



Symbol 



Definition 



ADC 

ADCS 

AEU 

AMCS 

AOA 

APCS 

BIT 

a i 

a T 

A 

ERTT 

Hp 

Ln 

LnPs 

LnQc 

LPC 

Mn 

Pa 

Pc 

Po 
Pr 

PRS 
VRT 
Ps 
Psi 
Vi 
IV 
Oc 
0 R 

svv 

. SPS 

Tt 
Ve 



Air data computer 
Air data computer set 
Altitude encoder unit i 
Airborne missile control system 
Angle of attack 

Approach power compensator system 
Built in test 

Indicated angle of attack 
. True angle of attack 
Incrciiriental change 

Electrical resistance temperature transmitter 
Barometric or pressure altitude 
.Natural logarithm 
Lx^garithm of true static pressure 
Logarithm of imp;jct pressure 
Log pressure controller 

Mach number ' 
Ambient pressure / 
Exhausl pressure 
Regiitated pressure 
Pressure i\i an evacuated bellows 
[engine bleVl air 
Pressure ratu\,sensor 
Pressure ratio 
True static pressure 
Indicated static pressure 
Total pressure 

Regulated pressure (< ambient) 
Impact pressure - 4 
Ramp angle , 

Static pressure compuusator 
Static pressure sensor 
Total temperature 

lu]uivalent velocity * 
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pneumatic and electrical inputs are dii^u^^fc^.... 
below. The command inputs shown in fi^fe^^j^i^ 
are discussed under operation latet 
chapter. • - -^ '^"^ 



(8) 

1. Gearbox module. 

2. Projsuro ratio transducer module. ' 

3. Log pressure controller module. 

4. Total temperature amplifier module. ' ^ 

5. True airspeed amplifier moduJe. 

6. Pneum<Jtic connector. 

7. Electrical connectors. 

8. Power transformers. 

9. Static pressure compensator amplifier module. 

10. Log pressure controller amplifier modulo. 

11. Gearbox potentiometer cover. 

12. Mach sector assembly modulo. 

13. Static pressure compensator module. 

14. Jet ejector. 

♦15. Pressure regulator. 

16, Total lemporaluro and true airspeed servo 
module. 

, ° 208.81 
Figure 4 2. -Central air data computer. (A) Top 
' rear view; (B) bottom v^ew. 



Indicated Static Pressure 

: • * - Indicated static pressure is the atmospheric 
pressure as sensed at a point on the aircraft 
which is relatively free from airflow 
disturbances. At subsonic speeds, static pressure 
error is small and of little significance; but at 
transonic and supersonic speeds, extrenle static 
pressure errors are sensed at the static ports. The 
error magnitude is regarded as the ratio of true 
static pressure to indicated static pressure, as 
related to Mach number and angle of attack. 

Total Pressure 

Total pressure is the sum of static air 
pressure and the pressure created by the motion 
q( the aircraft through the air. Total pressure is 
sensed by the pitot tube, which is the same as 
the more familiar term— pitot pressure. Total 
pressure is relatively free from error and is 
therefore uncorrected. 

Total Temperature 

Total temperature is the temperature of 
ambient air plus the temperature increase 
created by the motion of the aircraft. Total 
temperature is sensefl by a platinum resistance 
element inside an aerodynamic housing placed in 
the air^itream. The resistive element, whose 
resistance varies with temperature, acts as the 
variable portion of a bridge circuit. 

Indicated Angle of Attack 

The aircraft angle of attack is the angle of 
the aircraft in relation tp the direction of 
motion of the aircraft. The angle-of-attack proTje 
senses the angular direction of air relative to 
longitudinal datum line of the aircraft. The 
angle-of-attack input to the CADC is in the form 
of voltage per degree of indicated angle of 
attack. * ' 

OPERATION 

The purpose of the centrJMir data computer 
is^ to convert pnci/matic«^<pressures from the 
pitot-static systems into usable electricaf or 
pneumatic signals and mechahical gear positions 
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Q Figure 4-3.-Pitotttatic input!.' 
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Figure 4-5.— Static pressure compensator curves. 



or motions. Figure 4-4 is a data flow diagram 
which gives an overview of system operation. As 
can be seen from the diagram, uncorrected static 
pressure (Psi) is supplied directly from the static 
ports to the static pressure compensator (SPC) 
within the^CADC. Psi is used as a reference and 
is compared with Mach nUmber (Mn) and angle 
of attack (ai) to develop corrected static 
pressure (Ps). Ps is then, supplied to the pressure 
ratio transducer (PRT) and the logarithm^ 
pressure coPftroUer (LPC) within the CADC, and 
to the cockpit flight instruments. ^ 

.In the LPC, pn^frumatic; input Ps is converted 
into two mechanical outputs and- an electrical 
'output. One mechanical output represents Ps 
and the other mechanical output .represents the 
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natural log of Ps (LnPs). The electrical output 
also represents LnPs. . ' • 

In the PRT, pneumatic inputs of Ps and Pt 
(total pressure) are compared, producing a 
resultant mfechanical output of Ps/Pt. Each of 
these functions is explained in detail in this 
chapter. 

Static Pressure Compensator 

As. mentioned previously, both Mach 
number a;id angle of attack can cause significant 
errors in the static pressure system. Indicated 
static pressure '(Psi), as detected by thp aircraft 
static ports, deviates from true* static pressure; 
these deviations have a definite relation^|p to 



AVIATION ELECTRICIAN'S MATE 1 &C 



J 



Pit 



Pi to pressure 



REGULATOR 0^ 



r 



tl 



. <ip.c> 



CONTROL 
VALVE 



FLEXURE 



.-qL 




TO FAIL 
SAFE 
RELAY 



Pil 



C=J — ^ 
FAIL SAFE 
SOLENOID 

VALVE 
(SHOWN IN 
ENERGUED POSITION) 



IISVAC 
400 Hi 




RECfcf 
VALVE 



I I , 

Angle bf'AttaCk Sensor 



TO FAIL 
SAFE 



Figure 4-6. -Schematic diagram of static pressure compensator. 



20a85 



Mactt' number and angle of attack, which is 
shown by the graph in figure 4-5. 
» *> 

The graph (fig. 4-5) shows the amount of' 
indicated static pressure, error for five different 
angles of attack, which range in aircraft speeds 
from Mach 0.2 to Mach 2.0. Although the error 
curve for each angle of attack is definitely 
different from each of the others, a radical 



deviatiorr occurs for all of them during trajiso|iic 
speeds of the aircraft. From approximately 
Mach 0.94 to Mach 1.06, the Ps error inereasps ^ 
more rapidly than at any other speed. Thd' static ^ 
^.pressure compensator "must correct these-^rrors 
>so that true static pressure is available to the 
remainder of the system and the aircraft. Figure 
4-6 is a schematic diagram of the static pressure 
compensator. 
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Figure 4-6 shows how the SPC produces true 
static pressure by regulating the case pressure 
within the SPC so that it becomes true static 
pressure. This is' done by comparing indicai^ed 
static pressure with case pressJre; compensating 
for aircraft speed and angle of attack, then" 
changing the case pressure as required. If case 
pressure is too low, a pressure line is opened 
until true static pressure is reached. If case 
pressure is too high, a vacuum line is opened 
until the proper amount of pressure is released. 
Fail-safe circuitry provicle^ for direct transfer of 
Psi to the Ps load lines in case of SPC'failure. 
Should^ a malfunctiofa cause pressure to build up 
inside the SPC case, a pressure-relief valve opens , 
to prevent damage to the SPC. ' - ^ - 

The heart of the SPC is the force balance,; * 
instrument, or balanced beam. It receives the 
command (or compensatioii) signals in the form 
of a change of fulcrum and actuates the control 
valves for pressure ojt vacuum as heeded. 

Jn more detail, Psi from the static pressure 
ports' of the aircraft is applied to the SPC via the . 
^ input 'line shown in the upper right. portion of - 
figure 4-6. The input line is connected to the 
fail-safe solenoid valve and to the Psi diaphragm. 
At the diaphragm, case pressure (Ps) opposes Psi, 
resulting in the difference force of Psi/Ps being 
applied to the beam at point B., 

At point A, an evacuated bellows, whose 
expansion is dieterMined by Ps, applies a 
downward force on the beam relative to Ps. 
When the fcJrce Psi/Ps, multiplied by the 
distance; to the' fulcrlim, is equal to the force Ps, 
multiplied by, its distance to the fulcrum, the 
beam is balanced. This signifies- -^Uat case 
pressure is accurately regulated anq 'is true statip 
pressure. . 

Should .the fulcrum position be changed, the 
beam will trpi in response to the urfbalance. For 
.example; if the B end of the Jpe^m tips 
downward, it indicates more pressure is needed 
inside the SPC. The physical arrangement is such 
that, when the beam* moves downward, the 
flexure attached ' tg the beam also moves 
down\yard, openin^g \]xe control yalve to the Pg 
'(higher pjessure) line. This allows pressurized air 
to enter the case until\tHe beam again becdmes 
balanced, closing the Pg control valve! Had the B 
end. of 'the beam moved upward, the cause 
would have been e?tcessive pressure inside the , 



case. Therefore, the flexure would ha|^e. moved 
upward, opening the valve to, the Pv (vacuum) 
line, letting out the excess pressure, until the 
beam is rebalanced, ' 

As was mentioned^ earlier, indicated static 
pressure will deviate ffom true static pressure 
while the aircraft is in flight. At transonic and ' 
supersonic speeds, .the deviations will be greater 
and will vary with aircraft attitude. Because of 
this, SPC corrections must be made a function 
of both Mach nurflber (Mn) and indicated angle 
of attack (ai), The circuitry shown in the lq;wer 
half of figure 4-6 illustfates how this is 
accomplished. 

For explanatory, purposes, resistors R15, 
R33, and R37 can be disregarded. They- are 
calibration resistors and their presence is of no 
concern - at this time. The wipers of 
, potentiometers R36 and R32 are positioned by 
two Mach function cams, f 1 (Mn) and f2 (Mn); 
Their electrical outputs are coupled to opposite 
sides of the' C potentiometer, in the 
angle-of-attack transmitter. Thus, the voltage 
applied to the potentiometer equals.fi/f2, or the 
volfagfe difference between the wipers pf R36 
and R32. ^ « 

Since the^fl and l2 function cams are 
revolved by rotation of the Ps/Pt (Mach) shaft; 
positioning of the two potentiometer wipers is 
related to Mach number. Therefore, ^t zero. 
Mach the two wiper voltages . are .equal, 
an^^icating no airspeed and no voltage drop 
.across the angle-of-attack potentiometer.' As 
airspeed is increased, a voltage differential 
between the wipers causes current flow through 
the angle-of-attack potentiometer. The 
angle-of-attack of the aircraft determines the 
position of the wiper on the potentiometer. It 
should be noted at this time that all three 
angle-of-attack potentiometer wipers are driven 
by rotation of the angle-of-attack probe, but 
only the C potentiometer is used here. 

The indicated angle of attack deviates from 
tjue angle of attack' while thp aircraft is in flight 
"cQ^" the same reasons that Jfci devijites from Ps. 

icement of the angle-of-attack probe on the 
^in^aft and the effects of airstream buffeting 
SSiM erroneous indications. Because these are 
KlS^* effects, it is possible to compensate for 
iheni; function cams fl and f2 are machined in 
such a^ay^ as to correct ,the two 'deviations 
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(intercept and slope), and maintain the correct 
ratio of output voltage per degree of angle of 
attack across the- ai potentiometer which 
supplies the Mach correction voltage for the 
SPC. 

*. 

The correction (or command)/ signal is 
appHed to the servoamplifier, and is amjplified to 
drive the servomotor. The .mechanical otitput 
from, the motor operates a tachometer-generator 
(for servoamplifier feedback) and, rotates the 
gears ^^driving the jackscrew. the jackscrew 
turns, the fulcrum carriage is mov^d toward the 
desired position. It can be'seen in figure 4-6 that 
the carriage is mechanically linked to the slider 
on followup ' resistor R48. R48 serves as a 
.feedback resistor whose output is* fed to the 
servoamplifier to cancel the effects of the 
command signal when the fulcrum is at the 
correct position. , ^ 



. Case pressure is supplied to the Ps load lines 
through the normally energized fail-safe solenoid 
valve: If the SPC fails, the solenoid valve is 
deenergized and Psi is connected into the Ps 
load. Should this occur, a waiting hght in the 
cockpit indicates the failure. Included in the 
fail-safe circuitry is a time^elay relay and .a 
holding relay. The static pressure ^compensator 
fail-safe circuitry can be seen in figure 4-7. After 
0.3 second, the time-delay relay drops out if the 
beam becomes unbalanced or if the 1 15-volt ac 
supply to the fulcrum-positioning servo is 
interrupted. The holding relay (which controls 
the solenoid valve) deenergizes if the 28-volt dc 
powe'ris interrupted or if. the time-delay relay 
trips. 

. ■ The manually operated RESET switch, 
located in the cockpit, permits control of the 
solenoid valve. If the malfunction causing the 
.relay to trip has cleared, the solenoid valve can 
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be energized again by this reset switch. However, 
if the malfiinctioh still exists, the reset switch 
will have no effect. ^ 
<. To supply air pressure that is higher than 
ambient for use by the SPC, engine bleed air (Pr) 
is coupled to the'* pressure regulator. There, Pr 
becomes Pg, anclvis compared with the SPC case 
pressure by me^ns of a bellows-diaphragm 
arrangement and regulated to miaintain a correct 
Pg to Ps ratio.' It 'is then connected to the Pg 
colitrol valve. A,Pg output from the pressure 
regulator is alsQ>fedAto the jet pump to develop 
vacuum pressure (Pv^. Pv is developed by the 
venturi effect in the;:jet pump and is connected 
to the Pv v,alve in the SPC. . ^ 

Pressure Ratio Transducer 

The correct angular displacemei]^ of ' the 
Ps/Pt shafiis one pf the\basic operations of the 
computer, foT it provides\the Mach number and 
Mach hold output reference. The Mach output • 
from the pressure ratio \transducer is derived 
from the inputs- of Ps (corrected static pressure) 
and Pt (total pressure), \^ince the difference 
between the tvyo pressui'es is directly attributed ; 
to aircraft speed. \ 

. As in the SPC, a force balanced instrument's 
used in the pressure ratio transducer to establish 
the mechanical reference pbint. for; compared 
pressures. However,^ the PRT utilizes " t|ie 
balanced beam in a manner^-sliglitly different 
from that used in the SPCl Since, the PRT 
produces ii mechanical instead of a pneumatic 
output, a beanr imbalance is ddt^pted 
electrically," the. signal* is arpplified, and a' 
servomotor drives a gear^trajn to produce both 
the Mach output and the beam ^orrection.^ 
Figure 4-8 is the functional, diagram of the IPRT. 
. Pressure difference, sensing/^^occurs in" the 
► pressure ratio sensor (PRS), a plug-in unit 
nKounted ihside the PRT. Corrected static, 
pressure and total pressure inputs are applied , 
pneumatically to the PRS, with Ps entering the 
■ casfj and Pt af^plied to a Uiffer^eritial 'pressure, 
* bellows. Corrected/ static prcissiircl controls the 
expansion of an evacuated bellow^s, whiehiexerts 
a force equal to static pressure on^one end of the 
Ijalanced beam.. On the other end of the beam, 
the differential bellows applies a force equal* fo 
Pt-Ps. The point of beam-balance, therefore, 



represents the ratio*btVstaJic pressure to total 
pressure, or Ps/Pt. . /^-^ 

Af' the left ^side of .the^^^PRS (fig.^ 4-8^ is 
E-cOre transformer, which iderive s its nanlie frppo* 
the core . shape. The center -^ leg of ,the'. 
transformer, which is shorter than the two; 
outside legs, holds the exciter winding, to which ' 
400-Hz ac is applied. The pickup windings on 
the two outside legs are series-connected, but are 
wound in opposite directions. Anr iron armatu-re 
on the end of the balanced beam is suspended 
between the- two outer core legs, adjacent to the. 
center leg. When the. beam is balariced, the space 
between the movable iron core and each of the 
outer legs is equal. Because the twavviridings are 
wound in opposite directions. and connected in 
. series,^ voltage induced in the two winMigs are 
180° out of phase and equal in anlplituSe. Asa 
result, they cancel eachfOther and produce no 
appreciable output signal. ; v 

If the beam is >unbalanced' by a change in 
either Ps or Pt (or both), the iron core will be 
moved closer to one of the two outer windings 
and farther away from the other. The permeance 
of' the magnetic path from" the center leg 
through the movable , core and back through the 
outer leg . is directly . affected by" di^anccj 
Therefore, as the coi'e moves closer to one of the^ 
oil teTr legs, the induced signal increases in the 
nearer winding and decrea^e&_iii. the winding 
farther from t]je jnoyable core. 

Bccads^^'j^|-^^^^j^^^ in the t\vb 

windingsv!^'^:^t^e^^^^ legs are 180° out of 
phase, tlal'^l^lj^^ voltage is equ^ to 



the diffc^tre!^f.bfetvveeji the two; .with'^he 
. amplitude representative qfthe amount of l^eam 
'disptacement. The phase of the output 'is,thai, of 
the larger voltage .and indicate*^s tl;ie ditection oT 
beam displacemfent. \^ . ^ *■ 

fixtemabto the PRS, but within the. PRT,. 
are the servoamplifier, servomotor, and gea|^ 
required' to Correct, beary displacejment^ and 
furnish the output' of. Ps/Pt (Mach). TltSr 
"^p^tation is ven^ simiW- to .that r^f the servO 
loop within the.SPG. .t error signal i^upplie^l 
: to #the . irlp^ .of ^tfie " s^jrvoampUfier, and. is 
ampl^ied to drive the servomotor. The direction 
' of servomotor rotation Ts determined by thi? 
. phase of th^.. input error signal. While driving the 
;gears in the proper direction to rebalance the 
beam anU comect the Macl/ output, the motor 
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also drives a tachoj 
is applied; to 'thj 
feedback to stabit 
, / '/ When \the carf 



leter-generator whase^output 
jbrvoamplifier a^an. inverse 
l^the servo operation, 
^age is driven to* the proper 
^ ^ point to. rebalance the beam, the signals'indiiced 
in 'the twp - outer * windings qf the E-core 
transformer .once ' again become equal and 
opposite,^ caiiceling each other.. Since no eri:or • 
sjjgnal is^ applied to thp s^rv^am^ifiej, the^rnotor 
.. .stops and' the Mach <>Utpik'tV(Ps/Pt) shaft is. 
positioned at the correct . angular displacement. ' 

Logarithm pressure G^trcifie^^ ^ 

To supplyXa usabje altitude reference for the ' 
automatic fligh'tand missile.contrplj^ systems, it is 
necessary to convert static pres^rp frojn its 
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pneuiliatic form to, a mechanical^ output 
representative ' Of Ps. Because logarithmic, 
quantities can.beomultiplied or divided by simple 
addition an^. subtraction, and fhe natural 
logarithm' o'f static pressure varies in an almost 
linear manner tvith altitude in feet, a logarithm 
pressure controller (LPCyas.Used. \ 

: iPd OUTPUT S,;^The .outpyts nof ^the IPC 
are (1) a 3haft rotation equivalenrta^the natural * 
logarithnf of statj^ pressure. (LnPs); (2) a.shaft . " 
rotatiort-eqfiivaleM to static pressure (Ps), (3) a , 
synchro output (LnPs) to the> altitude enooding 
unit, and (4) a synchro output equivalent to 
incremental changes in the natural logarithm of ' 
static pressure (ALnPs). o 
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Figure 4-9.— Functional diagram of logarithm pressure controller. 



LPC OPERATION.-Operation of the LPC 
(fig. 4-9) is quite similar to that of the PRT- In 
each unit a plug-in pressure sensor is used, and 
each sensor operates on the balanced beam 
principle. The major difference between the two 
units is that only one pneumatic input is applied 
to the* LPC, requiring a different method of 
applying torque to one end of the balanced 
beam. 

Corrected static pressure from the SPC is 
supplied 4o the static pressure sensor (SPS) 
inside the LPC. The expansion of an evacuated 
bellows, which exerts pressure on one end of the 
balanced bearrf, is affected by . the amount of Ps, 
As illustrated in figure 4-9,* pressure is exerted 



on the other end of the beam by a. torsion bar. If " 
the two applied torques are equal, the beam is 
balanced and there is no output, ^ 

Should an imbalance occur, the^beam moves 
in response to the strongest applied torque. This 
causes the n;ovable core (on the end of the 
balanced beam) to move closer to one of the 
two E-core transformer pickup coils, and farther 
away^ from the other. The resultant output sigi]^ 
is coupled Jo the external servoamplifiet, 
amplified, and connected back , to th'^^ 
servomotor which drives the gear train ton 
rebalance the beam. As with the 'PRT, the LPC 
servomotor drives a tachometer-generator which 
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supplies an^ inver.se feedback to the 
scrvoamplifier for motor stabilization. 

The SPS.» carriage a<Ksembly has a noticeably 
different structure from that of the PRS 
carriage. This structure, difference consists of a 
torsion bar applying fprce at one end of the 
beam and a linearizing cam to vary the amount 
of torque applied by the torsion bar. It was 
mentioned earlier that the natural logarithm of 
static pressure, varies in an ALMOST LINHAR 
manner with altitude in feet. The linearizing cam 
compensates for the slight nonlineaftty so that a 
true logarithmic output is obtained. 

To Qbtain the Ps shaft output, a pair of cam 
gears, cut to produce the antilog of LnPs, 
translates rotation of the LnPs shaft into Ps 
rotation. A mechanical stop is included in the 
LPC to limit rotation of the LnPs shaft to a 
range of -1,000 feet below to +70,000 feet 
above^^mean sea level. 

In addition to the twf) mechanical outputs, 
the LPG c<3ritains three synchros that provide 
electrical outputs. One synchro provides a signal 
representative of ALnPs. An electromechanical 
clutch keeps this synchro disconnected from the 
LnPs output shaft until ALT HOLD mode is 
selected in the automatic flight control system 
(AFCS). When this occurs, the command sigrial 
energkes. tht? clutch, which mechanically 
connects the synchro rotor to the output shaft. 
The rotor then rotates with altitude changes and 
provides an electrical output that is an analog of 
LnPs. The phase of the output signal indicates 
' the direction of altitude change. The synchro 
has an incremental range of plus or minus" 200 
feet of altitude at sea level. 

The other two synchros are both connected 
to the altitud^encoding unit (ALU). The AEU is 
a dual-purpose electronic unit providing the 
transponder/IFF with a digital input in 100 foot 
increments capable of from -1,000 feet below to 
+80,000 feet above mean sea level. It also 
provides an electrical synchro signal to the 
pilot's and RIO's servoed altimeters. There are 
three possible inputs to. the pilot's and RIO's 
altimeters-first and primary being the 
servosystem made up of the syjichrcT 
transmitters ih the AEU and the synchro 
receivers in the s^arate altimeters. If the AEU 
or its associated circuitry fails, the altimeters 
will revert to the Ps pneumatic input. The 
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Figure 4-10. -TAS and Tt servo module. 

4- 



fail-safe circuitry in the S PC will automatically 
revert the altimeter inputs to Psi if the SPC fails. 

Tt and TAS Servo Assembly Module 

The total temperature and true airspeed 
servosystems are combined in a two-part module 
(fig. ^^I^ivhich may bejemoved from the ADC 
as a s^/%!f unit. One part of the module contains 
.Tt components; the other contains TAS 
components. 

' Total temperature shaft mechanization is 
obtained as shown in figure 4-11. The Tt 
circuitry consists of a balanced bridge in which 
the magnitude of current is a function of total 
temperature, and a servosystem which converts 
the electrical signals to a mechanical output. The 
mechanicaL^ioutput is then converted into 
electrical signal inputs to the ramp control 
system. The ramps, which are variable intakes, 
control the velocity of the intake air being 
inducted into the engine when the aircraft is 
flying at supersonic speeds. 
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Figure 4-11.— Functional dftigram of Tt shaft mechanization, , - 

a difference voltage between , the two 
servoamplifier irlputs. The amplitude of the 
difference voltage is proportional to the amount 
of temperature ^variation, and the •polarity 
indicates the direction of variation. 

Since the computation of true airspeed 
requires total temperature information as well as. 
Mach number, some of the circuit components 
used for Tt mechanization are also used in the 
TAS bridge. This may be seen in figure 4-12, 

The theory of operation is similar to th^t fOr 
the Tt bridge circuit; however, the TAS bridge: 
has two variable reference signals (Mn and Tt) 
instead of one, vBridge circuit excitation is 
supplied by transformfer T13, which *also 
supplies excitation for the Tt bridge. 

As illustrated in figure 4-12, the TAS 
servoamplifier inputs are taken from the wipers 
of R29 and R60A, Positioning of the R29 wiper 
is determined by a Mach function cam, thereby 
making that servoamplifier input a function of 



Excitation voltage is applied to the bridge 
circuit from transformer T13, wliich produces a 
current in each half of the bridge. When the 
bridge is balanced, the two servoamplifier inputs 
(one from each side of the bridge) will be of 
equal amplitude and there will be no error 
signal. 

Error (or temperature change) signals are' 
introduced intb the bridge circuit by the total 
temperature sensor, which is contained in an 
aerodynamic probe mounted in the airstream. 
The temperature sensed rby the total 
temperature sensor is tl\e sum' of the ambient 
teihperatute and the temperature produced by 
the deceleration of the ^ flowing into the 
probe. Since the speed o]|iSound is dependent 
upon absolute teaiperatuSe, and the sensor 
element resistance^ varii^as a function of 
temperature, any temper^jpre change results in a 
change of bridge balance and, '"therefore, a 
change of bridge current. The imbalance creates 
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both Mach number and tcrtal teinporature. R60A 
is the tbflowup potentiometer. Its output is 
electrically referenced to the angular position' of 
the TAS output shaft. 

The TAS output shaft is dtwdT in the sa^ne 
Kniann&r ^^as is the Tt output! shaft, with the 
angular shaft position repres\ntative of tii»e 
airsf>eed. 

Additional potentiometers iTTrth^witches 
whose outputs are controlled by the Tt and TAS 
-shafts are labeled accordingly in both figure 4-1 1 
and figure 4-12. 



"Mach Sector Assembly Module 



The Mach sector assembly module contains a 
series of cam-operated potentiometers. The cams 
are mounted on the gear-drfven Ps/Pt shaft as 
shown in the block diagram in figure 4-13. Table 
4-2 lists the Mach potentiometer functions. 



Computer Gearbox Module 

The computer gearbox performs niecn&nical 
computations in response to sh,aft rotation 
*inputs from the PRT and the LPC. The PRT 
input is a function of Mach (Ps/Pt shaft) and the 
. LPC supplies Ps arW LnPs reference*. The 
computer gearbox may be understood'^nfore 
easily** if discussed operation, by o'p^i^jj^n. 
Therefore, refer to both figure 4-13 and 4-14. - 

Ps POTENTIOMETER ASSEMBLJ.-The 
two potentiometers in the Ps potentiometer 
assembly (tig. 4-1 3) provide the AMCS with 
electrical signals prpportional to static pressure. 
The tap outputs" supply a voltage equal to a 
known static pressure for AMCS "bulitMn-t^.st 
(BIT) functions. • 

LnPs POTENTIOMETER ASSEMBLY. -Thf 
LnPs potentiometer assembly provides eltctricdl 
outputs proportional to the natural logarithm of 
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Figure 4-1 2,— Functional diagram of TAS shaft mechanizatipn. 
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' ' ' i'i:/:, Vable 4-2;)Alach potentiometer functions 


Item No. 


. ' / • Function 


R17 


• '~r^, — ; ' ^ 

'Used '-to '{Supply Ma'ch number cort^ection.to the true angle-of-attack 
\\ outp^it/iJUrcuit!/ \ 




Outp'u,t iQ^-'sc^dules the yaw rat^^s,lgnal to the'flight control group 
for Mae h number. 


R28 


OutpuV^^l acjiedules the* signal from output number 9 with Nfach 
: • nuniBe^/to furnish the flight control group with an altitude hold 


R29' 


;tj$edtgi supply Mach Information to the tnie airspeed servoamplifie^. 

'V -^r,; ■■ ' « . ^ 


R3 2 ■ 

^ r36\ 


^ . . , . . ' . K 
.^seci'tt^ supply two functions of Machnumb*-?! tube used in conjunc- 

iiort'lwith the angle-of-attack transmitter potf^ntiometer C to 

' Supfray correction information to the SPC. >; 
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static pressure. Outputs Irom both R20A and 
R20C go to the AMCS and each has taps to 
furnish BITaltitu^d voltage to the AMCS. R20D 
and R20E are not used at the present time. 

ALTITUDE SWITCHES.- The altitude 
switches consist of three ^cani-opexated switches 
that are also driven by the LnPs shaft. The cams 
are situated in the correct positions to actuate 
the switches at specific altitudes. 

POTENTIOMETER ASSEMBLY. -The Qc 
potentiometers furnish electrical ; outputs 
representative of LnQc to the automatic tlight 
control system. The wipers of the Qc 
potentiometers are- driven by the LnQc 'shaft. 
LnQc shaft rotation is derived from two 
mechanical inputs-one from the LnPs shaft, and 
the other from the Ps/Pt shaft. The LnPs input 



from the LPC is coupled by a spur gear to one 
input of a mechanical differential. A cam on the 
Ps/Pt shaft generates Ln(Qc/Ps) which fs inse^ed 
at the opposite side of the differentiaj.yPhe 
LnQc out'puf shaft drives the three wipers^lf the 
potentiometer assembly, which are used oy the 
AFCS. 

MACH SWITCHES.-Mach switches S9 and 
SIO are actuated by their associated Maeh 
function earns. The switches are set to open and 
close at specific Mach numbers., 

MACH ERROR OUTPUT.-Mach error 
output information" to the AFCS is transmitted 
by the rotor of synchro transmitter 33 which is 
connected to the Ps/Pt shaft through the 
electromechanicaj clutch (L8). When MACH 
HOLD is selected at the AFCS, the clutch 
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Figure 4-15%Pneumatic test set TTU-205B/E. 
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Figure 4-16- -Environmental pressure simulator SM'355/ASM'62. 
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engages and any movement of the Ps/Pt shaft 
rotates the synchro rotor. The electrical synchro 
'output signal will indicate any Mach deviation 
from the engage reference. 



ORGANIZATIONAL LEVEL 
. PERFORM ANCE TESTS 

Maintaining the CADC system at the 
organizaflbnal maintenance 'level is limited to 
checkifig the operation of isolating 
the fault, and correcting the fault by replacing, 
faulty line replacement units or by repairing 
interconnecting lines and connections- Modular 
repair of the GADC is done by the intermediate 
level maintenance activity- 

' . 91 



TEST EQUIPMENT ^ ' 

In order to make performalice tests on the 
central air ^, data computer; set, ' a variety of 
portable line testers, simulators, and equipments 
are utilized. Primarily, the line testers consist of 
pneumatic testers for supplying pitot and static 
inputs, a high pressure dry air source as a 
substitution for engine .bleed air, an electrical 
test set which simulates the various, computer 
functions for checking computer potentiometer 
outputs, a true airspeed tester for checking the 
true aixspeed portion of the computer set and 
indicators, etc- there are a number/of different 
types of; electrical and pneumatic line testers 
that are' interchangeable •on some aircraft 
modelsl while other aircraft models specify 
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particuljujjline testers to be used. Tht^refore, it is 
'^necessary to check the appropriate Maintenance 
''.•Jnstrllctions Manual in order to determine the 
f proper testers to be used. 

/ • * *■ 

Since there &re some duplications in line 
testers, only one tester of each general category 
is discussed. 



W>r4^pneumatic tester in ^ost operating 
sqOadrons. It supplies pitot and static pressure 
inputs to the computer for simulating various 
altitudes and airspeeds. It is also^ised to perform 
leaki tests in the 'computer .and the aircraft 
pitot-static system. . . 

Environmental Pressure Simulator 



' Pneumatic Test Set " 

^ Pneumatic Test Set TTU-205 B/E (fig. 4-15) 
"ilWls the test set most commonly used in 
performing tests on the pneumatic portion of_ 
the central air data computer. It has replaced the 



E'^n vi ron mental Pressure Simulator ' 
SM-35,5/ASM-62 (fig. 4^16) is' used In 
conjunction with • the Pneumatic Test Set, 
.TTU-205 B/E, in providing the CADC with the 
requira^ pneumatic inputs; It provides dry air 
exhaust pressure (Pe) at sufficient volume and 
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Figure 4-1 7.-Centraliair data computer test set TS-2357/ASM-269A. 
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Figure 4-18.— Automatic altitude reporting encoders'and altimeters test set« TTU-229/E. 



pressure for the static pressure compensator 
(SPC). The Psi input/output is not normally 
used at this time. 

i^r Data Computer Test Set . ' 



A i r Da t a Compute V^est Set 
TS-2357/ASM-269A (fig. 4-171 is used ia 
conjunction with the pneunnitic tester For 
•checking the computer potentiometer outputs, 



"Automatic Altitude Reporting 
Enfibders and Altimeters Test Set 

Automatic Altitude Reporting Encoders and 
AltimeterS;Test 'Set TTU^29/E (fig. 4-18) is 
used in conjunction with' Aif IDala Computer 



Jest Set ASM-269A to test the output of the 
GADC sy»te A altitude encoder .uirit (AEU). The 
synch^ output of the ^ APU, representing 
pressure altitude, is monrtpretl^ on the test set 
It tests the computer tunctibn3;^*for various 'ajjd. compared witji the cockpit indicators. The 
specified input data of angje of 'attack^ absolute' .max^miirn error allowed throuihQut;the range of 

;X).-to^ 7<^,000 feet is ±15 f6et. From the' test s'et 
' altitude. The^digital output of the AEU i^ also 



temperature, airspeqjjj, an(|jailjtude. It contains a 
section for testing the ahitu^de encoder output, 
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monitored to determine if the cofredt AEU 
information is be|ng supplied to the IFF. ' 

■' 4' • 

Transducer Sittiulator 

The Transducer Simulator (fig. 4-19) is 
attached to the angle-of-attack transmitter on 
the aircraft when the CADC is Jd be tested.^ 
Through use. of 'the Transducer Simulator/ 
accurate angle-of-attack Information ma^ be 
supplied to the CADC by using the calibration 
marks on the face of the simulator. 

TEST PROCEDURES 

In perfpirming functional tests on the<:ADO, 
refer to- the appropriate maintenance data for 
the .aircraft, model, and configuration on which ^ 
»the tests are to be performed. Follow the proper ' 
test sequence as. given in the maintenance test 
data, and correct each fault before proceeding to 
the next test. In general, the proper order of 
functional tests .-is to begirio with a pneumatic 
leak test/ then worl^ through all the- 
potentiometer and switch checks, and finish 
Avith the static pressure compensator check. 
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Figure 4-19--Tcansducer simulator SM-410/ASM-195. 



Figure 4-20 shows* a typical pneumatic test 
hookup on an F-4 aircraft, and figure 4-21 
shows the hookup for Air ^ata^'T'est Sqt 
TS-2357/ASM-269A. , 
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AIR.DATA COMPUTER TEST SET 
TS-:23$7/ASM"269A 



TEST SET 
TTU-229/E 
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Figure 4;-21.-Test equipment electrical hookup. 
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CHAPTER 5 

ATTITUDE/HEADING REFERENCE 
BOMBING COMPUTER SYSTEMS 



An attitude reference bombing compufer 
system is essentially two systems combined into 
one: (1) an all-attitude indicating or display 
system, and (2) a low altitude bombing system. 
The all-attitude indicj^ting portion of the system 
gives the pilot a visual display of heading: pitch, 
rolKii^jd ra|^f-turn. The low altitude bombing 
portion • of the system enables the pilot.^to 
perform accurate low altitude bomb deli4c|j^ 
maneuvers which consist of two primffrv- 
methods of bomb delivery: (1) a low aji^ilv; 
bomb release (loft bombing"), and (2) a high 
angle bomb release (over-the-shoulder bombing). 

The attitude reference bombing computer 
system . discussed in this chapter is the 
AN/AJB-7. which is installed in the F4-J 
aircraft. Tfie. AN/AJB-7 is similar to its 
predecessors, the AN/AJB-3A and -3, which are 
installed in the F4-B and the- aU, respectively. 
The 'all-attitude indicating system of the 
AN/ AJ*B-7 is similar to many of the attitude 
flight reference systems fojind in the later types 
^rand models of Navy and Air Force, aircraft. 
Essentially, the .'difference between the 
AN/AJB-7, -3'A, and -3 systems and other similar 
attitude flight reference systems is that the AJB. 
systj^s have the additional capability of 
penW'ming Ipw altitude bomb delivery. 

• ■ ^ . \ 
ATTITUPE FtEFEREN^E BOMBING 
^ COMPUTER SET AN/AJB-7 , 

Attftude Refoninife Bombing* J^^omputer Set 
AN/AJB-7 is ftMBl-'iltitude reference system 
* with a special pK)dse bomb director. The 
all-attitude reference system provides^the pilot, 
•.with an abturate display of aircraft attitude 
through 360"" in pitcl^, ^oll, and azimuth. The 



special pufpese bomb . director provides the 
"commands for executing the bombing maneuver 
'and for autx)matic bomb release. ^ 

The computer set, in .addition toits-p^mary 
function^, provides attitvide infarniaiioii to 
other aircraft associated systents such as the 
autopilot and the missile cont'^ol'system. . 

ALL-ATTITUDE DISi^LAY SVSTfeM 

The AN/AJB-7 uses a three-axis 
servo-controlled;^ readout sphere to present a 
'^continuous all-attitude display to the pilot. Jhe 
attitude indicator, which houses the sphere, is 
mounted on the instruqient panel, directly in 
front of the pilot. Any^ven attitude of the 
aircraft is presented to tbe pilot via the sphere, 
which is capable of rotating 360^. about the roll, 
pitch, arid azimuth axes. Any complex attitude * 
assumed by the aircraft is thus graphically 
presented tp the pilot. One reference point for 
this all-q^ttitude determination is obtained from 
the displacement gyroscope assembly. The 
gyroscope mount is properly oriented and 
precisely aligned tp the longitudinal and lateral 
axes of the aircraft^ Figure 5-1 is an illustration 
of the attitude indicator. 

Azimuth Display 

Azimuth or heading information is displayed 
by vertical marks in 5^ increments horizontally 
;^bout the center of the attitude indicator 
sphere. The azimuth information rriaf be 
suppHed by one of three refererices selected by 
the mode switch on 'the compass controHer: (1) ' 
• unstabilized magnetic heading from the flux 
valve, (5) stabilized magnetic heading,, or (3) by 
using the directional gyro only, as a heading , 
reference. • 
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Fjgure 5-1. -^Attitud^ indicator flags and pointers. 



Attittide Display 

' A.y ■ " ■ • ' ■ . ' 

"Aircraft attitude is displayed on the, sphere 
of the attitude indicator through 360° of pitch 
and' roU. ^Also, . aircraft rat^-of-turn is displayed 
by a ratfe-of-turn pointer located;On the attitude, ^ 
indicator jusbbe low the; attitude sphere. 



.V PitCH AND ROLL.:^Pitch and roll 
reference^ information is supplied ,by the vejtical , ^ 
igyro, located in the displacement jgyro assemblylS||^^ 



when STBY is selected on the primary^-standby 
swftch on the compass controller. When the 
compass controller primary-standby, switch is in 
the PRIM position, "pitchf ' and roll reference 
information is supplied by the geocentric 
Vertical Flight^ Reference Set, 'AN/ASN-VO, 
^hich is discussed in the latter part of this 
. chapter. 

)^OTE; The F-4J mpdel aircraft alsq' 
i3feh||fns a pilot's' statidby attitude indicator and 
j^a'xear cockpit remote attitude indicator. Both of 
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these indicators receive pitch arVd^roU attitude! 
reference information from the AN/AJB-7 
displacement gy?o ass^bly regardless * of th^ 
position- selectedc-' by the compass jgontroUer 
PRIM-STBY switch; - , 

■ (i ■ 

. * RATE-OF-TURN.-The rate-of-tum ^pointer 
on tJ^e i attitt^e indicator receives rate-of-turn 
reference info^ation from the rate gyro 
transmitter. The rate gyro transmitter senses the 
direction and rate of aircraft turns about the 
aircraft yaw axis and transmits this rate-of-tum 
information to the indicator in the forrni of a dc 
vpltage- proportional to tile rate of aircraft tum.^ 



LOW ALTITUDE 
BOMBING FUNCTIONS 



There are four^bpitibu^ functions o^ modes 
available for a bombing riUK (i) loft, (2) timed 
o V e r-*t he -shoulder, ( 3 )\ instant aneoUs 
over-the-shoulder, and (4) direct, The mode is 
selected4)y positibmng the bomh control switch 
^6n 'the aircr^t rnain instnqrjprit panel. Once 
initiated any lk>mbin^ run Cexcept direct)' may 
be canceled By releasing the bomb button, 
yawing the aircraft more than -30°, or placing 
the bomb control switch to the OFF position. 



Loft^ 



A loft bombing run is a low altitude,Mow. 
angle rejease bombing run. A^typical . loft* 
bombing run is illustrated in figure 5-2. The. 
identification point (^P), PULU/P^time interval' 
(TI), and LOW ANG1,E felease setting are set in 
before the run is initiated? The pilot depresses 
the pickle button' over the identificatipfl point 
Which centers the horizontal and vertical flight' 
director pfointers on the attitude indicator. One 
second before the end Of the preset^PULLUP • 
-time interval, a short warning tone burst is 
produced in the headsets. At the end of the 
timed interval, the LABS lamp lights and a 
continuous tone is produced in the headsets. 
The ,pilot immediately begins pullup and flies • 
the aircraft so that the horizontal and vertical 
pointers remain centered. The hbrizontal an^ 
vertical pointers determine the accuracy of the 
bomb drop; the closer to .th^ ceAter position ^ 
both are kept, the more accuratWthe drop will 
be. \ . I . ' 

T6%,maintain the horizontal .director pointer, 
on center requires that the. pilot linearly increase 
the pitch attitude until the aircraft pulls 4 g's 
after 2 seconds. The vextital director, poinjfer is 
sensitive to bank and yaw deviations and wljl be 
displaced from c&nter an amount, proportional 
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Fiaure 5-Z—Loff bombing run usirvg Immelmann maneuver. ^ * ^ 
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Figure 5-3.— Timed over-the-shoulder bombingl^ruo. 



to the deviation. Ifihe. bomb is automatically 
released at Hit preset release angle. Upon release 
of the bomb the tABS lamp goes out, th^' 
steady, tone ceases;/ and tfi€ vertical director 
pointer is deflected, out of view. The pilot 
continues to hold the. bomb button depressed, 
and^ . continues the ImmeJmann maneuver, 
keeping* the horizohtal flight director pointer 
(Centered until inverted flight is reached.. Upon 
reaching inverted flight, the : pilot releases, the 
pickle^, button anS- rolls *the aircraft put, 
. completing the mianefuver/ 



Timed Over-the-Shou}4«'r 




"^The -timed cfVerrthe-shoulder bombing run is 
a low-altttude; high angle release, bombing run. 
typical timed overTthe-shbukier bomb^ qin i^ 
illtistrated jn figure '5-3; It is essentially the strrte 
as a' loft' run except that bomb release is set in 
with the flight director bombing compirter 
HIGH ANGLE controLand the r'felease occurs at 
an aiirtraft .pitch Wangle gi'eater than 90^.^The 
bomb :arcsses the aircraft -path after t|ie aircraft 
.has made its escape. ^ * , • 




^Ij^tantaneous Ove^rthe-Sfhot^der 

The instantaneous over-t^)e-shoul<^?r' method 
of ^bomb delivery does not . require /an - 
idei/tification * point pr a timed interval. The 
bomb ' button is- depre^ed c^refctly over; tfe . 
target; and pullup is begun^immediately. B^Smb ^ 
release, as ' in timed over-the-shoiiid^i:i is 
obtained at an angle greater than 90°, and the 
bomb follows a similar trajectory. , ■ 

Direct ' f 

" The dirept method of bomb delivery is; 
initiated by the pilot by selecting DlitECT on 
the'.bomb control panel. The bomb is released at . 
the instant the pilot depresses the pickle (bomlr) 
button^- . ^ ^ p 

ESCRIFnpN OF COMPONENTS 

Aircraft Acceleronieter 

The aricraft acceleromet^r prt)vides an 
^output voltage that is proportipnal^ a linearly' 
applied acceleration along its sensitive axis. This 
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a'xis is ' normar. ( perpendieulary , to the 
longitudinal axis of,, the aircraft.., The aircraft, 
accelerometer supplies g information to the 
flight "director, bombing./ t!:orrip\:iter; it' is 
functionqHy part of the^OMBlNG, GROUP. . / 



Anlp)ifler;P6w6r Supply- 



r 



Tlae •'•amplifier-power supply j^rdvide^ the 
n eces,sary ' . s.ery'oamplffiers ' and^ po'w'dr 
requirements idr proper . operatfon of 'the^ 
^rpscopes'^he amphferrpower 'supply^ contiutirfs 
time-delay, relays that cdntrol the' application- Of 
spin and erection potentials to the gyroscope. 
' This unit is -fiinctionairji^, a* part of the 
• ATTITUDE REFERfeNGE GROUP. ' ' *^ , 

Bamb Release An^le Computer 

Tl}e bomK release angle computer,.pr5vides 
b6mb^ re lease and relay switching at preselected 
pitcHx "angles. In addition, thi^ unit resolves 
' displacement g^Toscope. assembly output signals 
.int6 aircjaft roll and yaw signals. The servp loop 
contained ^^n the bomb release angle compyter 
amplifies;- and follows ;*the pitch information 
obtained* from the displacement gyroscope, 
assembfy. The ' resulting gear-tftain rotation 
positions the r'ptors of a controlyfransformer, a 
control transmitter,, and ^ • resolv^r. The 
gear-tr^in actuates a ±20- switch and a low angle 
and a high angle release switcTi? . 
L ' High and Ipw angle inseftion control knob^, 
4 with their a^ociated digi^t readout counters, 
rnake up the front-pane'l citi'ntrols of the bomb 
release angle computer. This.unit'is functipnally 
considered part of the l^OMBING GROUP. 



black. A climb attitude is indi9^ted by 'rolling 
V the top pf the sphere ^toward th^ viewer or 
dbwn\Yard, wii^ch .causes^ . the white-black 
demarcation line (artificial iTorizon) to/rjiove 
downward. The display in figure 5-L sWws the 
aitcraft in. a slightly nose low, 20° rijgfjj ,'wing 
down attitude on a 270° heading. The attitude 
indicator is'function^lly a part of the^DISPLAY 
' GROUP. 



Compass Ad^pter-f ompe'nsator / 
. ■ / ■ 

Thfe compass adapter-Crompensator processes 
heai^ing information from W)th the compass 
fr^nisrmttef and^. the displacement gyroscope 
;:^^sse'mbly. The compass adapter-compensator 
aziFduth 'modes are compass, directional gyro, 
, and, slaved. Open printed circuit' boards, 
in1?erconnected by flexible printed \Viring, are 
used for , the servoamplifiers, demodulators, 
power supply, and synchro, assemblies. The* 
'compass adapter-cohipensator also contains 24 
^coijjipensating potentiometers* for flux 'valve 
^deviation compensation "and a BIAS 
^ DEGREE/HOUR adjustment for compensating 
the, average precession rate of the directional 
gyro. The compuss adapter-compensator is 
functionally a. part qf. the HEADING- 
REFERENCE GROUP. 



Attitude Indicator ' ' ' 

The atti.tude iridii5:atof contains an 
all-attitude , indicating sphere and flags and 
pointers whose specialized indicating functions 
' are shown in figure 5-L. An anjpHfier-power 
supply assembly, attached tq^ the rear of the 
attitude indicator, *is a ^piggyback"' unit which 
. contains a power ^s^ply and the pitch, roll, and 
\ azimutlj servoaiiiplifiers. • ^ 

The sphe/e is assembled from two 
halves— the ^upner portion, which is white in 
color, represeriis the sky; and the bottom half is 
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Compass System Controller 

The cotnpass , system controller^ is used 
primarily to control the azimuth syste/n.« The 
various positions of 'the mode switch on the 
controller activate relays in the ' compass 
adapter-compensator, thus selecting the 
operating azimuth mode— cdmpass, directional 
gyro, or slaved. Selection of primary (PRIM) and 
standby (STB Y) attitude inforimtion is also 
provided by the compass system controller. 

V A spnng-loadg^d, self-centering, push-to-tum 
type offset heading (S^T HDG) control is 
prayided to manually initiate a movement)n the 
azimutl^ gear train. The PRIM-STBY switch 
s^l^cts either the AN/ASN-70 or the* 
. dfsplgfcement ' gyro as a source of attitude 
• information. The PRIM ' position provides 
AN/ASN-70 rolland pitch attitude information 
to the attitude indicator and to the radaj^stem. 
A latitude (LAT) compensation control and an 
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- associated N-S h'emispKere switch are provided 
oh the i"ront of the compass controller. This unit 
is\' a' part, of the HEADING REFERENCE 
GROUP. 

CoSmp^iss Xif^nsmitter 

^; ' / ■ ; ■ . ■ ■ • ' 

Thfe compass transmitter, which is a flux 
'va^e . or direction-sensing device, accurately 
^ , detects its ahgnment relative to the horizontal 
\ <:omponent of the garth's magnetic field. 

^ The pendlilous sensing mass of the flux valve 
has a^minimum of 27° of freedom or swing in all 

•J directions. , The flux valve limitations or^ 
disadvantages include inaccuracies that result 
" from: excessive tiirns or abrupt attitude changes. 

I Inaccuracies also result from distorted magnetic 
/cfrce fields found above 70° latitude or near 
large iron deposits. The flux valv^, which i? most 

• useful whea employed in conjunction with.the 
displacement gyroscope assembly (slaved ,mode); 
also serves as an emergency source o^f heading 
infqrmation in the compass mode. The compass 
transmitter is a part of the |vHEADING 
'REFERENCE GROUP.' . 
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iplapement Gyroscope Assembly 



The ti is placement gyroscppe assembly 
consists of twb'^yros— the vertical gyro and the 
directional .gyip. jThe' gyros , are Counted in 
myWple gimbals supported by a -common outer 
roll pimbal. This arrangement prevents 
"gi-mbal-.locking" the vertical gyro. The 
displacement gyro is a functional part of the 
. ATTITUDE REFERENCE GROUP. 

Fliglit Director Bombing Computer V 

The flight^ director bombing computer 
provides a de signal, proportional to rolPand 
yaw, for steering information duriri'g a bombing 
run\ a dc signal proportional to the g error; a 
i200-Hz Warning and puUiip tone; and a heading 
SYnchroniang signal for Vaw input to the bomb 
releJase ^aygle /computer. The flight director 
bombingi'i^pmptiter is a part of the BOMBING 
GROUP; 



] Timer ' - 

le interval timer is a timing device which is 
manually iadjustable from 0 to 30 seconds, in 
increments of 0.1 second. The required time 
setting for the bombing rim is determined by the 
predicted flying time from the identification- 
point tQ the pullup point. The timer clutch is 
engaged when the store release button is pushed, 
which cdmmenctes timer rundown. This unit is a 
part ofrhe BOMBING GROUP. - 

Rate Gyroscope Trahsmitter 

The rate gyroscope transmitter provides a dc 
signal that is proportional to" the ^^rate of 
displacement about the vertical axis of the 
aircraft'. This output signal js applied to the 
rate-of-turn pointer on the attitude indicator, 
the rate gyroscope transmitter— which shbuld 
not be confused with the switching rate 
gyroscope— detects and provides an immediate, 
output when the aircraft yaws; it is an indicating 
device^ whereas the switching rate gyroscope 1$ as 
the name implies, 'a switching device. The rate 
gyroscope transmitter is considered a part of the 
DISPLAY GROUP. 

Remote Attitude Indicator 

,The remote' atiitude indicator presents a 
visual display- of aircraft pitch and 'roll. It 
contains a roll control transformer, a roll 
servoamplifie.p with its ^associated trim 
potentiometer (on the r^ar of the unit), and a 
rnotor-generafor combination ^or driving the 
, sphere about the roll axi^. It also contains a 
pitch control transformer, a pitch^servo^mplifier 
•.and associated trim potentiometer (on the front 
^of the unit), and a motor-generator combination, 
for driving the sphere about its pitch axis. An 
OFF or failed condition is indicated by' a flag. 

. , The remote attitude indicator does not have 
360® of freedom in pitch; however, by utilizing 
an illusion at a pitch angle approximating 90°, 
pitch angles greater^han 90° can be visualized. 
After rotating approximately 90° in pitch, the 
sphere is rotated 180° in- roll. At this point thB 
pitbh phase and the rotation of the pitch drive , 
are reversed. The result, as far ^as the vieN\ter is 
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Switching Rate Gyroscope 



1^ 



concerned, is as if the sphere. moved passed 90° 
in pitch and continued toward 1^0°. ^ 

The remote attitude indicator is functionally 
;a part of the ATTITUDE-REFERENCE 
GROUP. * 

Standby Attitude Indicator ' 

The standby attitude jndicator presents a • 
visual display of aircraft r^l and pitch attitude 
through 360°. This 2-inctf attitude indicator, 
"located at the lower left side of the main 
attitude indicator, receives the same attitude 
reference information as the remote attitude 
indicator located in the rear cockpit The standby 
and remote indicators receive ONLY AN/AJB-7 
displacement gyr(3scope'roll and pitch attitude 
information. The standby attitude indicator is 
functionally a part of the DJSPLAY GROUP. 



The switching rate gyroscope interrupts gyro 
erection and slaving circuits when the aircraft 
rate-of-turn is equal to or greater than 1 5° p^ 
minutQ. ,This switchirig action (1) reduces 
vertical ^ro (located in the dfsplacement gyro) 
errors caused by turn-acceleration fences acting' 
upon the ^vity-sensitive erectipn switches, and 
(2) miniriiizes azimuth slaving errors which 
Occur when the pendulously .suspended magnetic 
detector' (flux valve) swings too far from 
vertical. The switching jate gyroscope is 
considered a . part of the ATTITUDE 
^REFERENd:E GROUP. / 

MODES OPPPERATION • 

In the following discussion on the mpdes of 
operation of the >W/AJB-7, refer to figures 5-4 
and 5^5 wliich show the forward and aft cockpit 
cOntrols'and indicators in the F-4J aircraft. 

Note that the horizontal situation indicator. 
(HSI) and the bearing^distance heading indicator' 
(BDHI) are shown in figures 5-4 and Sr^y 
respectively. They are not part of the 
AN/AJB-7; they are part of . the TACAN. 
However, their heading information is supplied 
by the AN/AJB-7; therefore, as far as the AE is 
<:oncerned, they s^rve as compass repeaters. 




Pitch and Roll Attitude Mode 

There are two sources of pitch and* roll 
attitude reference infofmation supplied to the 
attitude indicator (forward cockpit): (1) tli§ 
vertical fljght reference set when prijnary mode 
is selected, and (2) tjie displacement gyroscope 
assembly when standby^ mode is selected. The 
PRIM-STBY mode switch is a two-position 
rotary switch located on the compass system 
controller. ' ' 

The standby and remote attitude indicators 
receive their attitude reference information from 
the displacement^ gyro regardless of thp position 
of the PRIM-STBY mode switch. 

1^ should be noted that whenever there is a 
primary -Standby mode transfer, *the attitude 
indicator may ftr may not undergo a 180°- 
change in pitch, roll, and azimuth. This is 
normal operation. In either case the sphere 
continues to display the correct attitude. ' * 

Somte models of the F-4 aircraft employ a 
GYRO^ ERECT switch (fig. 5-/), which is "a 
^two-position switch-one position for normal 
erection voltages to the displacement gyroscope 
and the other position for fast erect voltages*. Iif 
normal erection the displacement gyroscope/ 
gimbals are returned to level at a rate of T to 2° 
per minute; with the gyro erect switch in FAST, 
.the displacerrient gyroscope gimbals are retirrhed 
4 to level at a rate of 15*^ per minUte. The purpose 
of, FASX- ERECT is to quickly erect the 
displacement gyroscope gimbals^, to the levels 
• position - should they become unlevel during 
severe aircraft maneuvers. The FAST ERECT 
position is a momentary on switch position, and 
it should not be held in that position longer than 
60 seconds. Failure to heed this caution may 
daniage the displacement gyroscope lev.ehng 
torquers. 

' Azinikth Modes ' ^ 

The azimuth system ^|^4^erate in any of 
three modfes-compass, directional gyro, or 
slaved. .Th^ mode is selectedv with the mode 
switch on the compass s^stem^contrlpller. The 
mode switch* also has a spring-loaded SVNC 
pOiiiirorr^Q^ provide manual fast synchronization 
in the slaved mode. The following paragraphs 
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CONTROL STICK GRIP . WEAPONS CONTROL PANEL , 

• «. - . * ' (TYPICAL) 

. 208,1;^ 

. Figure 5-4.— Controls and indicators. fotAvard cockpit. 
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provide a brief descriptfon of the three azimuth 
mc^des and. their operating instructions. 

COMR^SS MODE. -The compass motle 
utilizes magnetic heading information' from the 
compass transmitter (flux v^ve) only.This mode 
^ is an emergency mode andj is lised when the . 
directional gyrO (in the displacement gyroscope 
J assembly) malfunctions. When compass'mode is 
selected, the interlock \vith'the AFCS opens 
automatically and prevents application (Jf erratic 
magnetic heading signals to the flight control 
group. 

I Compass mode is selected »as follows: (1)' 
V Turn the mode switch on the tompass system 

controller to the COMP position, and (2) place 

the PRIM-STBY switcluto the PRIM position. 

Note that -if PRIM is^t selected, the attitude 
/indicator will colitinue to display displacement 
' * gyroscope information. 

DIRECTIONAL GYRO MODE.-The 
directibnal gyro mode utilizes changi of heading 
' (yaW.)^fnfprmation from theodirectional gyro in 
the displacement gyroscope assembly. When the 
directional^ gyro mode is initially selected, 
aircraft heading must be manually set into the 
azimuth system wi'th the SET HDG control on 
the comf)ass system controller. Theo directional 
gyro mode is used in areas where the earth's 
magnetic flux lines are distorted or wl)en the 
flux valve malfunctioTis. -^u^^ 

To select directional gyro mode, (1) place 
the mode switch to DG; (2) press and turn the 
SET ^HDG control until the attitude indicator 
Sphere indicates actual aircraft heading; and (3) 
insure that the N-S switch is set to local 
hemisphere, turn the LAT control to local 
latitul^, and readjust it for each 5° change in 
latitude. • 

NOTE: Failure to set the N-S switch to local 
hemisphere adds to the heading error produced 
by apparent precession. If the JM-S switch cannoft 
be set to local hemisphere, turn the LAT control 
to 0., 

SLAVED MODE.-The slaved mode utilizes, 
magnetic heading from the flux valve ^nd change 
of heading (yaw) from the directional gyro. The 
flux valve signal serves as. the reference aqd the 
gyro yaw signal provides stabilization apd fast 
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followup. "Should the change. of heading signals 
from the two sources differ, the flux valve signal . 
determines the final magentic heading^ output 
for the system. Because system accuracy 
depends upon the condition of the earth's 
magnetic field, the slaved mode should not be 
used in latitudes greater than 70° , in areas where 
the i^agnetic field is distored, or when the flux 
valVe malfunctions. , ^ - 

To select slaved mode prpceed as follows: 

1 . Turn the mode switch op the compass 
system controller to the SLAVED position. 

2. Allow 10 seconds for automatic fast 
synchronization, and cK^ck the SYNC IND 
meter for center sC^le indication. There will be a" 
slight deviation of the needle Vrom center scale 
indicdtioru Tliis slight deviation of the needle 
from, center position is corrected by the normal 
sync rate. • . 

3. Momentarily place the mode switch to 
. the SYNC position if the SYNC IND needle is 
- off centenafter aircraVt turns and maneuvers. 

Bombing Modes * 

There are four bombing modes-loft, 
^instantaneous o ver-the-shouldfer, timed 
oveMhe-shoulder, and direct. The mode is 
ysefccted by placing the LABS-OFF-DIRECT and 
the INST 0/S:LOFT switches on the main 
instrument panel to the desired positions. < 

Before takeoff, the following jwformation 
must be known: target information and 
. bombing mode to be used, run-in altitude, speed 
and heading, time interval from the 
identification point to the pullup point, and the 
release,angle.« 

NOTE: The bomb release angle must be 
adjusted for any gyro,pitch error that may exist. 
The gyro pitch error correction is obtaiped from 
\oythe Pitch Synchro Output Correction Chart on 
^the displacement gyroscope assembly case, to 
make the correction, add algebraically the gyro 
pitch error correction to the required bomb 
release angle. 

PRINCIPLES OF OPERATION 

Before discussing the principles of operation 
of the AN/AJB-7,' the reader should be familiar 
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!/ . Figure 5-6. -Block diagram of the 

■■• 
^^.:•■'^^ . ' ■ ■ 

With the bloclc diagrams in figures 5-6 and 5-7. 
Figure 5;6 -shows the block diagrajn of the 
all-aftitude reference system, and^ figure 5-7 
shows the block diagram of the bombing system. 

Displacement Gyroscope Assembly , 

The displacement gyroscope assembly, the' 
heart of the system, consists of a ^ vertical 
gyroscope and a directional gyroscope which are 
n;iounted within multipFe, int^acting gimbals; 
S^ro torquers; pickoffs; and Associated ^rvo 
loops. All the components are mountec^ witmn a 



all-attitude reference system. 
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sealed co^ltainer which also serves as the gyro 
fr&me. Figure 5-8 shows. the gyros, gimbals, and 
associated servo Ipops. 

VERTICAL GYROSCOPE.-The vertical 
gyroscope consists of gyro spin motor BlGl, an 
inner roll gimbal, a vertical gyro pitch gimbal, an 
outer roll gimbal teoinmon to both gyros), and' 
the displacement gyroscope frame. The frame is 
m o u n t ed to the displacement gyroscope 
assemb^ case and, therefore, follows.all aircraft 
maneuvers. The outer roll, gimbal, which is 
mounted in the frame, may rptate 3^0° about 
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the roll axis, but it tolTows the aircraft >ifi|pitch 
yaw. The vertical gyro pitcK^/gitTibal, 
mounted in the outer roll gimbal maiy rotate:^ 
360"" about the pitch axis, but it follows oiAer 
roW gimbal movements in roll andyaw.'Tiie gyro 
spin motor may rotate ±85"" in roll, but it 
follows the vertical gyro pitch gimbal in' .pitch 
^ and yaw, Mechajiical stops (not shb>vn) limit Ihe : 
iViovemcnf of the inner coll gtmbal* t^ *pi^vertt 
alignment of the vertical gyro spin axis to the 
Vertical gyro gimbal pitqh axtS, Such an 
. alignment^ would allow the vertical gyro giijiball 
Ip spin about the pitgh ^xis (gimbal lock). - * 
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DIRECTIONAL GYROSCOPE.'-The 
/ iiirectional gyroscope consists of gyro, s^in^ 

motor B201 , . a leveling gimbal, an azimuth 
* gimbal,' and a directional gryo pitch gimbal. The 
directional gyro pitch gimbal, which is mounted 
in the outer roll gimbal,' may rbtate 3r6t^° about 
thQ f^tcH ax^l-s, but it follows the outer rou 
giihbaJ io roll and yaw. The azimuth gimbal, 
^ maunted in the c^rectional gytb pitch gimbal, 
/h^y Vptate 360'* about tl>e yaw axis, but it 
; , follows tfie directional gyro' pitch gimbal in 
. ^1 and roll. Directional gyro spin rnotor B2(]l . 

is mounted in the azjmuth gii^^bal; it may rotate 
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Figure 5<8.— Displacement gyroscope assembly. 
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±85^ about the .roll axis. Mechanical stops (not 
shown) prevent jumbal lock. 

GYRO START AND ERECTION 
CYCLE. -The purpose of the start and erection 
circuitry is to provide accurate pitch, roll, and 
azimuth infoynation in the shortest possible 
time. The method in w^ich this is done is 
discussed in the following sequence (fig. 5-9). 

1. During the first 12 seconds after the 
application bf power, the outer roll gimbal is 
driven . or **caged" to a position which places the 
pitch gimbals of the vertical and directional 



gyros parallel to the aircfaft pitch axis; . the 
power OFF flag in the attitude indicator is in 
view; the spin^ motors of the vertical and 
directional gyros are accelerating slowly; vertical 
gyro pitch erection and directional gyro azimuth 
synchronization are occurring rapidly. 

NOTb: Gyro spin* motors are run at a slow 
rate to facilitate the fast pitch erection of the 
vertical gyro and the fast azimuth 
synchronization of the directional gyro. During 
this time interval, there is no pitch erection 
voltage applied to the directional gyro servo 
motors and no roll or leveling erection is taking 
plac^; in either gyro. 
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2. From 12 to 60 seconds after application 
of pOwer^ the outer foil gifnbal remains '*caged"; 

, the power OFF flag in the attitude indicator 
remains in view; full torgue voltage is applied to 
the gyro spin motors; leveling erection occurs; * 
high pitch and roll erection takes place; the 
directional gyro pitch gimbal is servoe^ to the 
vertical gyro pitch gimbal position; and fast 
aziiTiuth synchronization is still taking place. 

— T 3. After power has been applied for 6(h 
seconds-completing the start cycle -the outer 
roll gimbal is servoed to the inner roll gimbal 
position; the power OFF flag is deflected out of 



view'; the spin motors continue to receive" full 
torque voltagec leveling erection continues; and 
normal pitch and roll erection and normal 
azimuth synchronization take place: 

GYRO LEVELING. -The vertical gyro roll 
and pitch erection circuits erect the spin axis of 
the vertical gyro to gravity-vertical by leveling 
the inner roll and vertical gyro pitch gimbals. 
Roll and pitch electrolytic switches, mounted on 
the inner roll and vertical gyro pitch gim^^als 
respectively, sense unlevel conditions of the 
gimbals and activate ^torquers. The torquers 
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precess the gyro tb level the gimbal until the 
corresponding elecwolytic switch is leveled. 

The directional gyro leveling servo loop 
erects the spin axis of the directional gyro to a 
leVel -position (horizontal). The leveling lamp, 
DS210, mounted pn^the azimuth gimbal, 
activates the photocells" thrqugh the shutter 
" mounted on the directional gyro leyeling gimbal. 
If the gimbal is not level; the photocells receive 
unejgual amount^ of light and apply different 
.signals to the leveling modulator. The leveling 
modulator detects the* difference and develops a 
signal which, when amplified, drives the leveling 
torquer in the direction required to level the 
gimbal. Wheji the photocells receive equal 
amounts of hght, there is no output from the 
leveling modulator. 

The -directional gyro pitch gimbal is servoed 
to the vertical gyro pitch gimbal so that their 
pitch gimbals are perpendicular to each other. 
Since the vertical gyro pitch gimbal is 
maintained horizontal to the surface of the 
earth, the directional gyro pitch gimbaP is 
maintained perpendicular to the surface of the 
earth by maintaining its pitch gimbal 
perpendicular to the vertical*gyro pitch gimbal. 

DISPLACEMENT GYROSCOPE FAILURE 
WARNING. -Under the following conditions, a 
failure, flag OFF indication in the attitude 
indicator will be "produced, warning the pilot 
that his attitude information is urtreliable: 

1. A voltage at the centertap of the vertical 
gyro three-phase spin motor BlOl caused by loss 
or reduction of one of the excitation phases, or 
by a defective BlOl winding. 

2. A large roll error signal, obtain(;d.at the 
input of the roll amplifier, which signifies that 
the outer roll gimbal is out of correspondence 
with the inner roll gimbal. 

3. A large pitch error signal, obtained from 
directional gyro pitch servocontrol transformer 
CT B211, signifying that the directional gyro 
pitch gimbal is out of correspondence with the 
vertical gyro pitch gjmbal. 

Attitude Indicating Functions 

The following description of the attitude 
indicating functions is made under the 



assumption that the compass controller- 
PRIM'STBY switch is in the STBY position. '/ 
'When the switch is in the PRIM position, the 
AN/ASN-TO, instead of the displacement gyro,' \ 
furnishes the attitude reference information/ : • 

' INDICATOR ROLL SERVO LOOP.-Th^' :• 
roll attitude- reference signal 'is obtained from . 
the displacement gyro outer roll gimbal control 
transmitter. This signal is applied to 'a roll / 
control transformer looated in the attitude^^ • 
indicator housing. The signal is sum/necl with, I 
rate and sphere position feedtiack §ignals i" 
through a j-oll amplifier to the control phase of a \ 
motor-generator. The ^ output of the roll 
amplifier drives the motor of the roll®^ 
motor-generator, which is geared to the # 
indicator sphere and the rotor of the roll control fi 
transformer, until the error signal in the roll ^ 
control transformer is reduced to a null. This . 
results in the servo loop being at rest in a new 
position. The generator of the roll 
motor-generator provides an inverse feedback 
signal to the input of the roll amplifier which is 
proportional to the speed of the motor. This 
serves to damp the servo loop, providing 
maximum sensitivity . without overshooting. A 
roll potentiometer on the back of the indicator 
is used to compensate for any small errors (up to 
±2°, made by maintenance personnel only) in 
the servo loop or in the displacement gyro 
installation. 

INDICATOR PITCH SERVO 
LOOP.-Operation \if the pitch indicator servo ■ 
loop is the same in principle as the roll servo 
loop. However, Jhe pitch servo loop has a(n 
added function which is pitch trim fade. The 
pitch trim fade circuit offers a continuously 
variable pitch trim sensitivity which is maximum 
at 0° and 180° pitch attitude, aqd zero at the 
80*^ climb and dive attitudes. Included in the 
pitch trim fade circuit is the PITCH TRIM 
resistor, which is an operating adjustment - 
mounted at the front c the attitude indicator. 
The PITCH TRIM contiul is used to adjust the 
sphere to a zero pitch indication for easy pilot 
reference whenever a positive or negative angle 
otattack must be assumed in-order to maintain " 
a 'constant cruise altitude. The purpose of the 
pitch /trim fade circuijt is to gradually and 
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smoothly remove the effects of the tVttn seating 
on the indicator pitch presentation^ when the 
air(?raft goes into a chmb or dive maneuver. 

The , pitch tntri fade resistor is variable 
through 36Q% and it is geared to the pitch servo 
train. Its output is transformer coupled across 
' the PITCH TRIM potentiometefij- At 0"" and 

180° pitch, maximum voKagc is ccfupled across ^ 
V the PITCH TRIM potentiometer; and at the 80"' ' 
" points, /the voltage across the PITCH TRIM , 
potentiometer is zeco. - \ |^ 

' INDICATOR • AZIMUTH^'^SEijiyO * 
LQOP.-Operatton of the iizimuth s^rvo loop is 
the same as the' roll loop except. that it receive^' 
its input information from, azimuth cohtrol 
. differential transmitter CDX B208, Ipcated in 
^<the compa^ adapter. CD^. B208 receives an 
^tlectrical input froni tjie;.aisplacement gyro 
azimuth synchro and a meATdhical input from 
the compass adapter slaying and correction 
servpmotpr. The eonipass ''iidaptor function is 
i exfplaincd ' in ' thfe di§cussi6'| pp the azimuth 
^'jvtystem. ' i ' '/ 

Azimuth System 

In the foflowing discussion on the azimuth 
system^ refer to figurp^rl 0. * 

DG MODE OPERATION.-In the DG mode 
of operation, only gyro azimuth information is 
displayed on the attitude indicator sphere. In 
this mode, a heading reference is obtained by 
manually slewing tht^ attitude indicator to the 
desired heading by the SET HDG switch on the 
compass controller. Apparent and Teal drift 
compensating circuitry is utilized in the DG 
mode of operation to minimize the effects of. 
known directional gyro drift errors. 

Referring to figure 5-10, note that two 
azimuth tranfjmitters, CX B212 and CX B21 1 in 
the displacement gyroscope, supply azimuth 
information to the compass adapter. Azimuth 
control transmitter CX B212 supplies azimuth, 
information to the attitude indicator azimuth 
servo loop through azimuth control differential 
transmitter CDX B208 u DG mode operation, 
'CDX B208 has a mechaniqai Jnput to its rotor 
whieh compensates for directional gyro drift. 



Azimuth control transmitter CX_ B21 1 
supplies diractipnal gyro azimuth information to 
the gyro actuated servo loop within the compass . 
adapter. The gyrofectuated servo loop provides^a 
\ number of functions which are discussed^ in 
detail below. - 



Gyro Actuated Servo ^ Lopp.-If the 
mechanical roto^-^tator relationship ^of ;gyro 
control transformW;CT B206'in We>cojiii)^ss 
adapter is not in cbw^pondenee with-th^ / 
roltor-stator relationship' 'of azimiitfi control 
transmitter CX B^l ^inthe displacernerit gyro, , 
an error signal will be. applied to the input of 
azimuth amp.lifiet A K Jhe push-pull output^of 
amplifier Al is applied tolhe control winding of 
the 2-phase ^servomotor of azimuth 
motor-generator MG201. The output of the ^ 
motor is 'geared to heading data transmitters 
B202, B203, B204, and B205; to the wiper of a 
distributor potentiometer in the 24-point 
compensating network for the flux valve; to the 
rotor of compass control transformer CT B207; 
arid to the rotor of gyro control transformer CT 
B206. Also connected to the motor shaft i&the 
shaft of the velocity generator section of 
MG201. The generator develops a voltage 
proportional to motor speed which is fed back 
to the input of amplifier Al 180'' oufof phase 
with the erry signal. 

Assuming that the aircraft is initially steady 
*on a constant ^heading with the servo loop at 
rest, the rotof-stator relationship of B206 will be 
coincident with the rotor-stator relationship 
transHutted ^trica^^^^^ by B21L If the aircraft 
noV?w^ heading change,-this change ip 

position b^^t^^ the stable directional feyro and. 
the aircraft \ill be measured by B211 and 
transmitted to B206. As the aircraft turns, the 
error signal output from B206 is amplified by 
azimuth amplifier Al and , drives MG20K. 
MG201 drives the rotor of B206 to track-very 
near the null, lagging just enough to maintain 
sufficient error signal to keep the servo loop 
moving. At the completion of the. 30° heading 
change, the data shaft has moved 30"" and 
MG2(>1 stops. The heading data transmitters 
indicate the new heading. - 

Gyro Drift Compensation.-yThe directional 
gyro, and therefore the reference signal from 



EKLC 



101 

112 



1' 



o 
to 



D« PITCH OlHBiiL 

■ IIJH 
UlRCRUfT 



/illMUTH GIMBAl 
KEPT FIIEO 

t1 GrRO 

INERTIA 



115V AC fA- 



OISPLACEMEKT . 

BTRo mm ' 



' EARTH RATE COMPENSATION - 
(D( MODE) 



I ■ 




mm* 

KNPLIFIER 



ERIC 



Figure 5-10.-Azimuth chanml urvo loops. 



TO ' 
B0MI1N6 
TAW 



AHPLlFtER 
" COMPUTER 
(NAVIGATIONAL 
COMPUTER XT] 

MAGITETIC 
HEADING INPUT 
TACAH-BtCEIVER- 

TflANSUITTER 



I MAQNEt^ 

> HEADING |N>|^T 
] CONTROL 




AZIMUTH 
; AMPLIFIER 



\ — 0 — 4 



AZIMUTH ^ 
REVERSE 



K905 
^ COMPA33 



SLAVING AHO 
♦CORRECTION 
AMPLIFIER 

fo ^ 

I 




SLAVEOAND CORRECTION 
COMPASS PREAMPllflER 



- K90I 
SLAVING 

^:uTiuT 



TO AZIMUTH 
CT BMt 



CLUTCH SOLENOID^ 




DEVIATtOM 
AMMflCR 



gure 5-10.-AzinHJth channel lervo loops. 



208.127 



Chapter 5 -ATTITUDE/HEADING REFERENCE BbMBING COMPUTER SYSTEMS 



B206, is subject to two types of drift -real and 
api^arent. Real drift is caused by mechanical 
imperfections in gyro construction. Apparent 
drift is caused. by rotation of , the earth about the 
"space reference'; gyro' gimbaL Both types of 
drift are compensated for to a large extent by 
driving the stator of B206 and the rotor Of CDX 

, 32-08 in the.direction and at the rate required to - 
counteract the drift/' . < 

The signal for compensating "real" drift is 
obtained- by setting the zero-center BIAS 
DEG/HR adjustment control' on the pompass 

'' s^apter to the dial indication equal in magnitude 
but opposite in direction to the known 
directional gyrc^ drift/ The signal Tor 



compensating apparent drift is obtained at the. 
LAT control on the compass controller, whose 
dial' is calibrated from 0° to 90°, since the 
/apparent drift is pro^ortiOijal to the sine of the 
latitude. The direction of apparent drift is 
opposite in the two hemispheres; therefore, the' 
N-S switch is provided on the corftpass controller 
to pvcrse the phase of the latitude 
compensation signal.. ' 

real drift signal and the apparertt drift- 
signal at/ summed and applied through closed 
co;itacts of relay K903 -to the input of sjfaving 
and correction preamplifier A3. Tlie resultant 
signal is amplified by A3, stripped of quadrature 
voltages by slaving and- correction 
delnodulator-remodulator' A4, and apphed 
through contacti of relays K905, K904, and 
,..K901 to' the input of slaving and correction 
amplifier A5, The push-pull output of .A5 is ' 
applied to the control winding of slaving and 
correction servo-motor MG202. MG202 drives 
the stator of B206 and the rotor of B208 
through a speed decreaser at a speed 
proportional to the applied correction signal. 

With 'the aircraft on a constant flight course 
in respect to magnetic North/ the diregtioiwrT 
gyro within the displacement gyro is allowed to 
drift, both "real" and "apparent".' The DG 
output which is constantly changing a known 
amount is compensated for by servo loops 
. within the compass-adapter to maintain the 
heading indicator on a conistant heading. 

SLAVED MODE OPERATION.-In the 
slaved mode of operation, the gyro-actuated 
servo loop remains the same as that for free 



mode operation. Thei sjaved mode operation 
differs in that the actuating signal for the servo 
loop which drives' the 'stator of .B206 is a ^ ' 
magnetic heading signal from the flux valve. This 
servo loop is called the Slaving loop in slaved 
mode operation and is a closed loop; that is, it is ^ 
mechanically linked back to the gyro-actuated 
servo loop. ^ ^ \ . , 

^ Heading ; inPonnation form the earth's 
magnetic field is fed froiji' the flux valve to the 
rotor of B207, which is the compass control 
transformer located in the compass adapter. CT . 
B207 has -two stator Windings which are wound 
90° apart. The error signal, which is applied to 
. slaving and correction preamplifier A3 through ; 
the AGC Circuitry, is a sine fiinction^ while the • 
signal applied to deviation amplifier A2 is a 
cosine function; that is, it is maximum when the . 
error (sine)*signal is miniijiuni. ^ 

Because of the saturation characteristics of 
the flux valve, the error signal is at a frequency 
of SO&Hz. This 800-Hz signal must bcs converted 
to a line referenced 400-Hz signal in order to 
operate slaving and correcJtion motor MG202. 
The required conversion is. accomplfshed by 
slaving and correction demoduIa,tQr-remodulator' 
A4. The 800-Hz signal is demodulated to 
direction sensitive dc, which in turn is / 
remodulated to provide a phasp sensitive 400-Hz 
signal at the output. The output of A4 is.appli*d 
through contacts of relays K905, K904, and 
K90r to the. input of slaving and correction 
amplifier A5, where it is amplified and drives 
slaving and' correction inotor MG202. MG202 
drives the stator of B206 and the rotor of B208 
through the speed decreaser. 

Automatic Gain Control. -The magnetic 
field intensity varies at different geographical 
locations, causing variations in the error signal 
for the same given amount of error. During 
normal slaved mode operatio;i, the voltage 
induced in the cosine winding is proportional to 
the magnetic intensity level.; This Signal ^ is 
applied to the AGC network, thus providing 
< maximum attenuation of the error signal for 
strong magnetic intensity levels and minimum 
attenuation for weak magnetic intensity levels, ^: 
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accomplishing a relatively constant overall 
'sensitivity. ' \ ^ \ 

' ■% , - 

^lux Valve Campensatibn'.--Fliix valves 
coVitain tracking errors which cannot be 
completely eliminated by indexing and magnetic 
cornpensating adjiistcnents. In order to further 
reduce the magnetic/heading. error, an electrical 
24-point flux valve compensating network is 
employed, The ^ network consists of a '3.60°. 
continuous distributor 'potentiometer which is 
mechanically linked to ^ the. .data shaft, and 24 
devi^ation co m p etjsatioh adjustment, 
potentiometers c6nnected across the output of 
deviation ' amplifier A2 with their wipers 
connc\cted at 15° intervals afcout the distributor' 
potei;i4iomcter.^ The amount and direction of 
deviation' compensation 'set in at a given 15° 
interval is dependent upon tffe distance- and 
direction, the applicable deviation compensation 
potentiometer is moved from center. 

If a fixed excitation voltage for the network 
were used, the devwation compensation portion 
of the signal applied to slaving and correction 
preamplifier A3, and thence the amount 'of 
correction, would vary with field strength. In 
order to keep the correction sensitivity constarrt, 
therefore,*^ the network excitation As derived 
from the output of deviation amplifier A2, 
which is proportional to field ^rength. 

' t Slaving Action . -Assuming • that the 
directional gyro* has drifted out of 
corresp8*hdence with the magnetic heading 
reference, the data sh'aft will tend to drive to 
this false reference.' However, the rotor of 
compass CT B207 is linked to the data shaft and 
is rotated an equal distance. This causes an error • 
signal at the input to the slaving loop, which 
actuates slaving ,»and correction serVomotor 
MG202, driving the stator of B206 in the 
direction to^ reduce the error, resulting in the 
data ' shaft being driven back into 
correspondence wjth the magnetic heading 
reference. In practice, the slaving loop is so tight 
that the data shaft does not get perceptitily out 
of correspondence with the magnetic heading 
signal, except during turns when slaving is 
interrupted by the switching rate gyro. 

When the aircraft iurns, no slaving takes 
place. If, for example, the aircraft rriakes a 30° 



heading "change, the gyro-actuated servo loop 
^ will drive the data shaft, an^tlience the rotor of 
B21D7, 30°. However, the flux ^valve, being 
mounted to the |iirframe, rotates 30° . in the 
earth's flux field, keeping the input signal to the 
slaving loop at null. ' . 

Fast Synchronization add Slewing. -During 
normal , slaving operation, the output of the 
slaving and correction servomotor is geared 
down approximately* 43,000 to 1 .by the speed 
decreased. When' _thp 'speed d^creaser is 
energized, the gear ratio is .changed > to 
approximately 12 to 1, which greatly increases, 
the speed of rotation of the s'tator of B206 and 
the rotor 'of B208 for a given output from the 
slaving^^ and i:orrection amplifier. The speed 
decteSser is lenergized whenever SYNC is 
selected by th\ compafis controller mode swit^Jti 
or whenever manually slewing by the SET HDG 
switch on the compass controller. . ' 

Fast ♦ sy nchronization is effected 
automatically during' the start cycle or whenever 
the heading mode fsL switched from DG to 
slaved. Fast synchronization Tni^y ^so be 
initiated manually be* momentarily placing the 
compass, controller mode switch in the SYNC 
position when in the slaved mode. When 
switching from the DG mod© to the slaved 
mode, fast synchronization will continue until 
the error signal is reduced to a very small value, 
at which time normal slaving will resume. 
Momentarily placing the compass controller ' 
mode switch to SYNC will also produce fast 
synchronization whiph continues ' until the 
slaving error signal has been reduced to a very 
small value, as. for automatic fast 
synchronization. 

Slewing is initiated by depressing the SET* 
HDG knob on the compass controller. This 
deenergizes realy K904, shifts the speed 
decreaser into high speed operation, and 
CO n n e cts the wiper, of the SET HDG 
potentiomete/ to the input of the slaving and 
correction amplifier. The slewing direction and 
speed are dependent on the direction and 
distance the knob is turned from center. 

COMPASS MODE OPERATION<^In the 
compass mode of operation, directional gyro 
azimuth control transmitter CX B2'l 1 is 
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disconnected from azimuth amplifier Al^ and 
flux valve heading information is connected in 
its place. When the -compass mode is ^elected, 
compass relay K905, free-slave relay K903, and . 
automatic pilot cutout felay K907:(not shown) 
^ajt pnergized. The flux-valve-actuated circuitry 
is coQnected to the Al input. The motor of 
MG201 will drive compass CT 0207 to null out 
any loop error signal, ^his loop * is a highly 
seTisitive loop compared to the slaving loop, 
which is operated through->-iarge ratiQ__gear-_ 
reduction. Since the response is instantaneous, 
no SYNC IND meter indication or fast 
Synchronization is required. 

• The attitude indicator azimuth servo loop, in ' 
compass" inode' operation,' receives heading 
information from the output of heading data 
control* transforrrter CT B203, instead of CDX 
B208, 

-Automatic Pilot Ciitout.-The aut^atic - 
pilot is decoupled frorif the azimuth system (!> 
when operating in the- compass mode, (2) when 
the SET HDG knol/is depressed, and (3) during 
fast syntrhrofiizatiofc. This circuitry is not sho^yn ^ 
in figure 5-10. , | 

BOMBING FUNqriONS AND 
SPECIAL SWITCHING ^ 

Loft Bombing Run 

INITIAI CONDITlbNS.-To set in the 
initial conditions for a loft bomb run, place the 
switches on the b^nib control panel to the 
following positiohs: LABS, READY, an(fLOFT 
(see fig. 5-4). Switching contacts are also closed 
in'the multiple weapons relay panel to complete 
the circuit from the bomb release switch (pickle 
button) to the interval timer, which will begin 
rundown whpn the pickle b.utton is depressed. 

♦ ■ . ■ ' • 

CIRCUIT CONDITIONS .AFTER 
DEPRESSING PICKLE BUTTON. -Depressing 
the pickle button applied a 28-volt dc signal to 
the interval timer an^ rundown begins 
immediately. The 28-volt pickle signal is also 
applied to the flight director bombirig'computer, 
causing switching which disconnects - the 
horizontal and vertical'flight director pointers 
from the biasing supply. This^allows the pointers 



Jo be deflected to the center of the attitude 
indicater. One second before puUup time, the 
interval timer supplies a ground for the 1 -second 
warning jelay. The warning relay then supplies a 
quarter-secDnd 28-volt di\ pulse to energize the 
tone relay in the flight director bombing 
computer which applies a* 1200-Hz tone in the 
headsets. 

CIRCUIT CONDITlbNS AFTER 
' PULLUP.-At the\end of ttie preset' time 
~Tnter^7t]ie "timer provides a ^^^voUrdc" signah- 
which energizes the LABS lamp^energizes the 
tone generator which produces a steady tone 
#untihthe bomb is released or cwceled; ener^zes , 
'the displacement" gyroscope cage control relay 
•\vhich switches the input oflthe roll,§ervo loap 
^ to therinner rol| synchro; starts^the g pro^amer 
which furnishes ^ puUuR information tp the 
horizontal director pointer/ and switches 
azimufh information to the vertical director 
pointer. The puUup signal is also applied to one 
side of the low angle and high angle release 
switches in the release angle computer, but the 
switches are open so lio releas€f occurs at this 
time. 

Ffgure 5-U shows the block diagram of .the 
loft bombing functions from- puUup to bomb 
release. ^ " ' - 

Referring to figure 5-11, during the interval 
between puUup and bomb release, the loft 
bombing circuitry may be considered as 
performing the following two primary 'and 
independent functions: 

1. Operation of the. horizontal director 
^pointer, which supplies the pilot with pullvip 

information. 

2. Operation of fhe vertical director 
pointer, which supplies the pilot with roll-yaw 
attitude information, 

> Horizontal Flight Director ' Pointer 
Operation. -The g programer begins operation 
when it receives the pullup signal from the 
interval timer, and it continuesuntil the pickle 
Switch ^is released. During the first 2 seconds 
afte'f pullup, the g programer gradu^Uly increases 
a programed 1-g signal to a signal. After the 
initial 2 seconds, the signal level is maintained at 
4 g's throughout the jeniainder of the maneuver. 
The g levet being experienced by the aircraft as 
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sensed by the accelerometer is compared to the 
programed g level. The resultant is applied to the 
input of g error modulator Al. The. g error 
modulator converts the signal to a 400-Hz ac 
signal and then applies it to pitch' steering 
amplifier A5 where it is amplified and' passed on 
to the pitch demodulator. The, signal is 
demodulated and applied totthe horizontal flight 
director pointer in the attitude indicator. In 
order to keep the pointer centered, the pilot 
must enter into thQ loop as programed, then 
must hold 4 g's until inverted flight is reached. If 
the g force as sensed by the accelerometer is less 
than the programed g force, the pointier will rise 
above center; if the accelerometer sensed g force 
is greater than the programed g force, the 
pointer will move below center. 

^ Vertical Flight * Director Pointer 
Operation. -The vertical flight director pointer is 
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controlled by the gimbal action in the 
displacement gyroscope assembly'. As the pitch 
angle? is increased, the displacement gyro inner 
rollgimbal becomes less sensitive to aircraft roll 
and more sensitive to yaw. At the same time, the 
azimuth gimbal beii pnies less sensitive to yaw 
and more sensitive to roll, until at 90"* pitch the 
inner roll gimbal would sense pure yaw and the 
azimuth gimbal would sense pure aircraft roll. In 
order to provide accurate roll and y^w signals 
during bombing maneuvers, the information 
from thQ inner roll and azimuth synchros is 
resolved as a function of aircraft pitch angle. 
This is accomplished by yaw-roll resolver B612 
whose rotor is mechanically linked to the release 
angle* computer pitch servo loop. 

Pitch CT B61 1 in the release angle computer 
receives its input signal from VG pitch CX ,B1 13 
through contacts of pitch phase reverse, relay 
K601. The B611 rotor output drives pitch 
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mcftor MG60I via pitch amplifier A601. Loop 
damping /is provided' vby- the MG601 rate 
generatX)r section. The rotor of CT B6I1 is ^ 
geared^o MG601 ; and as the motor drives to 
keep . the CX output signal at null, it also keeps 
the loop data shaft in corrc^spondence v^ith the 
aircraft pitch attitfde. Geared to this shaft are- 
the high , anglt and low angle bomb release' 
switches and yaw-roll resolver B6I2. 

The resolver is effectively a variable coupling 
transf^ormer with two windin^ and 
' azimuth) on its rotorand two windings (roll and 
yaw)t>90'^ apart on its stator. An input signal . 
may be applied to -each rotor winding ^and an * 
output signal may be taken off each stator 
winding. Since, the rotor of the resolver is linkecj 
^o the pitch data shaft, the signal induced in 
each stator 'winding is a mixture of the two 
input signals' as a function of pitch angle. At 
zero pitch attitude, the roll signal induced in the 
roll stator winding is maximum and'the azimuth 
.signal is minimum while the roll signal induced 
in the azimuth stator winding is minimum and 
thj^ azimuth signal is maximum. *At 90° pitch 
attitude, the reverse is true. However^ provisions 
are ' made to keep the inner roll signal from 
affecting the aztmiTth syncl)ronizing loop. 

During all-attitude operation, the outer roll 
gimbal is slaved directly to the inner roll gimbal 
as previously explained. If an Immelmann 
maneuver were performed, the outer roll gimbal 
would have been driven 90° as the aircraft 
approached vertieffHiJjght and an additional 90° 
shortly after the aircraft passed through vertical 
flight. The reason for this is that as the outer roll 
gimbal pitch attitude changes, it must, be driven 
further and further to null out any slight aircraft' 

Vyaw, until it is driven 90'^ as vertical flight is 
\eached. The inner roll sensing reverses as the 
aircraft passes thrcTugh vertical flight, causing the 
outer roll gimbal to be driven an additional 90° 

' while moving- toward inverted . flight. After 
rollout the outer roll gimbal is positioned the 
' same relative to both the aircraft and the earth 
as it was prior to the performance of the 
Immelmann maneuver. Because of the 180° 

* rotation of the outer roll gim|)al when going 
from level flight' to inverted flight, the resultant 
pitch signal would approach 90°; and instead of 
moving through toward 180°, it would return 
toward zero. This condition is acceptable for 



operating the attitude indicator sphere, since'.the « 
Sphere would rotate 1 80° in roll, providing the 
same effect as a 180° rotation in pitch. 10 

However, LABS bombing operations require 
a continuous pitch signal throughout the 
maneuver untjl the bomb is released;; therefore, 
the outer roll gimbal must bj2' maintained lev^l in 
roll The acti^gtirig signal for the displacement 
gyro roll servo loop,* instead of being applied 
directly from inner roll CX B102, now comes . 
from the combination of roll und azimiflh^ 
inforrnation presenTi^^^^ 361 2 roll output"* v 
winding via roH amplifier A 18! - 
.Since any terrors present during (he ^ 
rnaneuver in either'roll or yaw are, corrected by^ 
rolling the aircraft, the two, signals arc mixed 
together and applied* to'lhe attitude indicator 
vertical director pointer as a high sensitivity 
error display. The roll signal is obtained from 
outer roll CX B312,,^n the displacement gyro. 
This signal' is applied, to the input of yaw-roll 
amplifier AS: 

The yaw error signal is obtained from the, 
yavC' output winding of yaw'^roll resolver B612 
and applied to amplifier.A^^'am'plifier A8, the . 
two signals are mixt^^^j^S^ ihc resultant is 
amplifie^d before beflng /tjrglr^^^^^ coupled to 
the inpuVof yaw-rojl/^^rf^^ In the 

demodulator,, the signaf'^'is converted to a 
direction sensitive dc before being applied 
through contacts of bomb cancel relay K6 to the 
vertical director pointer. 

Immecyately - before pullup, the pilot 
assumes the required heading. This is the 
reference attitude from' which any subsequent, 
azimuth deviations are sensed. The^aw input to 
yaw-roll resolver B612 is obtained frorh azimuth 
synchro B211 via heading synchronizer A17. 
Before pullup, the heading synclironizer servo 
loop is completed ' and any heading change 
^ sensed by CX B21 1 is nulled out at the heading 
synchronizer CT rotor,, maintaining the 
required zero reference. At pullup, relay K18 
energizes, removing the excitation voltage from 
the he.ading synchronizer motor, .which 
deactivates the servo loop. Now, any deviation 
from the reference azimuth attitude will appear, 
as a signal in the azicnuth input winding of 
resolver B612. The pilot must correct this 
condition to return the vertical flight director 
pointer to center. . . ' . 
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' yThe signal from inner roll synchro B 102 is 
coTupled to roll cancel relay driver All. If the 
aircraft yaws 30° or more as it approaches 
vertical flight, this signal will be large enough to 
increase the'All output impedance sufficiently 
to deenergize the roll cancel relay, which in turn 
energizes the bomb, cancel relays, tttus Canceling 
automatic bomb r^ease. Releasii^ the pickle 
button any time after puilup will also cause 
bomb cancel. In either case, the LABS lamp go^s 
out and the 1200-riz tone ceases. 



CIRCUIT FUNCTIONS AFTER BOMB 
RELEASE.-As the aircraft increases its pitch 
attitude, the. low .angle switch is 'driyen 
correspondingly by the pitch data shafTirfthe 
release angle computer. Upon reaching the 
preset release angle position, the switch applies 
28 volts dc t^r^jTih release-relay K7. TKis ^ 
applies the 28-voirbomb ^leaseVignal to the 
miscellaneous relay pa^, which effects a 
release through the seffe-ready switch of the 
bomb control panel. The LABS lamp will go out 
due TO^^SiKitchiiife iri the same relay panel. This 
switching action will also cause the 1200-Hz 
tone in the headsets to cease. 

Energizing bomb release relay K7 also 
energizes bomb cancel relays K6 and KIO. Once 
K6 and' KIO, ai:e energized, they . remain 
energized by hold-in contacts connected to the 
pickle line. Energized KIO removes power from 
the clutch and motor of the interval timer, 
allowing it to reset. Contacts 4 and 5 of KIO 
open, removing the 28-volt dc puilup signal from 
pfogramer start relay Kll, which is npt 
deenergized at this time since it is held . 
connected to the pickle line through its own 
contacts 3 and 4. The switching action, as a 
result of energizing KIO, also restores 
displacement gyro roll and pitch erection and 
azimuth system slaving; disconnects the roll 
output of yaw-roll resolver B6'l2 from the 
displacement gyro outer roll gimbal servo loop; 
deactivates the roll input to yaw-roU amplifier 
A8; and reactivates the heading synchronizer 
loop. . 

Energizing K6 switches' the vertical flight 
director pointer from the yaw-roll demodulator - 
to the 28-volt dc line, which deflects the pointer 
from view. • 



Resetting of the timer removes the 28-volts 
dc from the section of the puilup line not- 
,ab-eady broken by »the contacts of KIO. The cage 
relay and the bomb release relay are thus 
deenergized. The -inner roll signal is reconnected^ 
to the input of the displacement gyro servo 
loop, referencing the outer roll' gimbal directly 
to the inner roll gimbal. The computer^j^iet how 
has been returned to an all-attitude mode, 
except that the horizontal pointer display 
remains so that Jthe pilot may complete his 
Imn^elmajin^mane^^ 

SiHce bomt) release (and therefoi^bomb 
talTcel \and return to all-attitude opera tiorl) 
occurs at a pitch angle less than 9(^, it iV 
unlikely that the DG pitch gimbal Ms gone 
through 90° piteh. Assuming that it does not, no 
change of state of the pitch segment switch will 
occur. Howevjer, the outer roll gimbal will rotate 
180° whil^ going through vertical flight, causing 
the roll segment Switchjo change sta^ After 
rollout, the roll segment switch will return to its; 
original state. ^ -v. 

, Release of the pickle button removes th^ 
energizing voltage from relays K6 and K7, an(|^> 
KIO, and t'he horizontal flight director pointer is'^ 
deflected out of view. All-attitude operation .is 
now fully restored. 

p. . ' 

Instantaneous and Timed 
Over-the-Shoulder ^ombing Runs 

In c^njparison to the loft method, no 
identification point or timed interval is used in 
the instantaneous over-the-shoulder mode. The 
pilot simultaneously depresses the pickle button 
and starts puilup. For this reason the puilup line 
is connected to the pickle line through the MST 
0/S switch contacts of the bomb control panel. 
Otherwise, circuit conditions prior to and 
immediately after puilup for both instantaneous 
and timed over-the-shoulder modes are identical 
to the lo'ft method. 

Both modes differ fropi loft in that bomb 
release . and therefore bomb cancel occur after 
the aircraft has passed through 90° pitch angle. 
This has no significance,, except for release angle, 
as far as the bombing circuitry is concerned; Its 
significance is effected in the displacement gyro 
gimbal agtion and the re'^ing^switching, 
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In the loft mode, the DG pitch gimbal docs 
ngt go thixoujgh 90° due to the 180° rotation of 
the outer roll gimbal In the instantaneous and 
timed. 6ver-the-shou|der modes,, the loop 
reference signal Vemains resolved to' grve trucy 
aircraft roll mfdrmation tiirough 90°;Therefory 
no rotation taj^i^^lace. * ^ * . 

If the out^^^ll gimbal-betore starting the 
run— is the position shown in figure 5-8, it is 
necesisar^ to energize three relays order to 
energize the pitch and V^w ph^' reverse, relay - 
(not sWwn). These are the 90 -pitch relay; the 
90° roll relay, and the ±20° pitch relay. \ \^ 

When Vie aircraft" reaches vertical flight, the . 
pitch ^segmer^t switch ,\yill provide U g^pund, 
energizing the- 90° pitch relay. Energizing the 
90° .pitch relay fulfills one of the three 
conditions required lo energize the pitch- and 
yaw phase reverse relay. Also, energizing the 90° 
pitch relay deenergiz^ the azimuth phase 
reverse relay which, in turn, reverses the sensing 
of'the compass adapter azimuth .?ervo loop to 
correct for the ^ displacement gyro azimuth 
synchro not sensing the 180° heading change 
wjien the aircraft passes tliioughjvcrtical. flight. 
The attitude indicator displays the opposite side 
of the sphere at this time, automatically 
' presenting the proper heading. 

Upon releasing the bomb (assuming a release 
angle greater than 90°), direct control of the' 
outer, roll gimbal is returned to the inner roll 
gimbal. Inversion of the outer-,roll gimbal in ^ 
pitch cj^uses a sense reversal between inner and 
outer roll gimbals. To keep the cmjter roll gimBal 
from driving 180* because of i)m sense reversal, 
phase reversing of the inner rail signal is effected 
at this time. 'This is accomplished by the open 
contacts of the now deenergized cage relay, 
which removes 28 volts dc from the coil of the 
roll phase reverse relay. 

The aircraft continues the inside loop until 
inverted flight is reached, then rolls out, When 
90° bank angle is attained, the roll segment 
switch will provide a ground, energizing the 90° 
roll relay, which fulfills the second of the tlirce 
requirements for energizing the pitch and yaw 
phase Yeverse relay. If the maneuver has been* 
correct, the aircraft will f>' well within the limits 
of the ±20° pitch s-jj-uneni switch providing an 
energizing path to ground for the ±20° pitch 
relay. This fulfills the third condition required 



for energizing the "^itch and yaw phase reverse 
relay. Contacts of the pitch and yaw ^phase 
reverse relay in turn apply 28 volts dc to 
^nergize two pitch reverse relays and -a yaw 
I>|iase' reverse relay. Contacts of relays 

)vide proper phasing to the inpuf of the pitch ^ 
.steering circuit, the bomb release angle ' 
computer pitch servo loop, and the heading^ 
synchronizing servo loop, respectively: Tliis 
establishes proper phasing 'for the next bombing 
run. , * V * 

The pjtch and yaw phase reverse relay \*ilL ^ 
remain energized until another.liigl\angle release' 
bomb run is com^)leted; since it is held W^y 
normally open contacts of the 90° pitch r?lay ^ 
and the 90° roll relay and normally closed 
contacts of the''*±20° pitch relay, iall in parallel. 

Direct Bombing Run 

The direct method * does not require 
computer set switching. Direct method is 
selected on the bomb control panel and, when . 
the pickle button is actuated, bombs are released 
at that point. , ' 

Depressing the bomb /^l^se switch (pickle 
button) releases the bom6^ immediately when in 
the direct bombing mode if the SAFE, READY 
switch is in the READY position. The LABS 
light does npt light in the'direi^t mode delivery^: 
method. . )' ^ 



Description of System Tie-Ih 



\ 



vThe vertical reference set furnishes pitch and 
roll information to the computer set when the 
controller PRIM-STBY switch is in PRIM, 
except that during bombing functions the 
computer, set displacement gyro hecomes the 
primary referer|i«,. When the PRIM-StBY switch 
is in STBY the/displacement gyro is the attitude 
reference for both all-attitude and bombing 
functions. 

The remote attitude indicators use the 
* displacement gyro as a reference in both 
positions of the PRIM-STBY switch. Their input 
signal phase in both roll and pitch is reversed if 
the position of the displacement gyro DG pitch 
gHwbal requires it. The phase reversal is 
accomplished by roll and pitch- transformers in . 
the aircraft relay panel operating in conjunction 



AVIATION ELECTRll 

4 



lAN'SM^ATE 1 &C- 



with the displacement gyro DG pjtch gimbal .905^ 
pitch switch, the pitch phase reverse relay.in th^ 
jjight director bombing computer, .an4 ghasQ**^ 
. reversing relay in th'e aircraft relay pap^l. ^ > ■ 

Magnetic headmg information sensed h^ ' 
the flux valve anci applied to the ; compass . 
adapter. The eompass '^adapter 3ends- 
compensated • magnetic heading^formatioil tip', 
the :bearing-distance-l7eading indi^ato^ (BPHlY; 
the horizontal ^tuAtion inaicafor' CHSI),' tjie " 
amplifier c-^puter, the ^flight* "^director 
.computer, and the control atpplifiej;. * 

• The BDHI and the HSI present a' compass 
card di5piay. The amplifier computei^CQnyerts 
the . magnetit ^^ding information to'' true • 
heading. The flight director computer uses the 
heading information for bamb mode operation. 

The ^ control amplifier provides attitiide 
reference signals to the automatic flight control 
system. It contains' relays which are operated by 
the 90° pitch and 90° foil switches iif. the^i 
displacement gyro to provide correct ouftput 
signal polarity. An interlocking signal from the; 
corhput^ adapter removes the compass adaptcfr" 
heading signal'when it is[erratic. ' ^ ■ 



. VERTICAL FLIGHT REFERENCE 
^ SETAN/ASN-70 / . 

^ The Vertical Flight Re/ercnce, Set (VERS) 
AN/ASN-70 currently in use on th»-F-4J aircraft, 
furnishes aircraft .pit^ch and roM^ attitude,^- 
.flightpath angle,/ and vertical acceleration 
information an the F-4J' weapons system. . * " 

. The r^erence set has been developed to. 
provide necessary verticality for ; highly 

accurate attityde sensing during dynamic flight 
^co.nditions. Longitudinal and la.t^fej'a'l/ 
accelerations, Vwhich normally cause, errors in- 
;gravity-sensing vertical gyroscope erection 
systems,, are compensated for in the reference 
set. . " . 




COMPUTER 



SYSTEM COMPONENTS 

■ ' ' . ■ ■ 

The vertical flight reference set. (fig. 5-12) ^ 
consists of Vtwo units— the vertical \ flight 
reference sensor and the vertical flight reference 
computer. The sensor is mounted on "top of the 
computer to' conserve space and wiring. ' 



mi2? 

Figure B-'li -Vertical Flight'h^orenoe Set AN/A8N-70.- 



The sensor is a 
containing a vertical 



•;■ ■^\ - 

hermetically sealed unit 
gyroscope (gyro) atid a 
geocentnc penduluiji control (pendulum)' in a 
common roll gimbal (fig. '5-1 3). The pendulpm is 
stabilized in pitch by a pitch' gimbal which is' 
servoed tp the^gyro; The'pendulum'provides the 
nefcessarV erection signals to the vertical gyix) 
tdtquers to maintain the gyro at true' vertical. A 
roll and pitch stabilized, vertical accel^fometer 
mounted in tjie sensor provides an output of 
vertical acceleration which js available^or other 
subsystems and* is used by 'the computet for 
fiightpath angle computations. 

^ The. computer is a ^onhermetically stealed 
unit containing all" necessary electrortics for 
bp^ration of the reference set. Circuifiy and 
mechanizaticA are* provided for fiightpath angle 
and vertical velocity ' computation. The 
computer tircuitry is Arranged in modular form 
f6i; easy maintenance. 

V ' T)ie computer has twelve plug-in sealed 
modules and ten repairable printed circuit 
boards. The printed circuit boiards are vwred into 
the chagsis circuits through^stud terminals but 
may b^ displaced sufficiently-^o provide ^access 
^ 'to the ipounted components' ; ' . ' ^ . * 
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Fi^re 5-13.— Functional diagram of reference set. 



FUNCTIONAL DESCRIPTION ' . 
Geocentric Penduluni 

The pendulum is the vertical sensor of the 
reference set. Unlike conventional gr-evity 
sensor's, it is not subject to verticality errors 
caused by longitudinal and lateral accelerations. 
Basically, the pendulum is a pendulous 
gyroscope wi^h a variable speed %pin, motor. 
With this figuration, the ^ pendulum can 
compensate ior accelerations due to changing 
aircraft airspeed and turns. 

Longitudinal accelerations "occur as the 
aircraft airspeed changes as a result of changes in 



engine power setting, pitch attitude, or flight 
conQguration (fig/ 5- 14). When airspeed changes, 
the pendulum has a tendency to swing away 
from vertical in the opposite direction of the 
acceleratic^. If the aircraft accelerates forward, 
the pendulum tends to swing rearward; slowing 
the aircraft causes the pendulum to tend to 
swing forward. Since the spin axis of the 
pendulum is perpendicular to the line of flight 
and the spin motor spins in the direction of 
flight, accelerating the spin mptor causes the 
pendulum to swing forward, and decelerating 
the spin motor causes the pendulum to swing 
rearward. By accelerating or decelerating the 
rotor proportionally to changes in airspeed, the 
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Figure 5-14.— Geocentric pendulum. (A) "Longitudinal acceleration. (B) Centrifugal acceleration. 



two opposing forces can be kept, equal and the 
pendulum maintained vertical during 

Jongitudinal accelerations of the aircraft. For 
example, if the airspeed increases, the tendency 
of the pendulum to swing rearward can be ' 
canceled by proportionally accelerating the spin 
motor. With sufficiently accurate sensors and 
proper circuit calibration, the pendulum can 
maintain a high d^ee of vertical accuracy . 
through a wide range of accelerations. 

Verticality errors which would be caused by 
aircraft turns are canceled 'by the pendulum's 
gyroscopic prop^erty of precession. By adjusting 
the spin motor speed, and thereby its angular 
momentum, the precession torque of the 
pendulum can be kept equal to the centrifugal 
force of the turn, and the pendulum remains 
vertical. If the pendulum were strictly pendulous 
without any gyroscopic properties, the 
centrifugal force of the turn would swing it 
olitward during turns. The amount of this 
deviation from vertical would be determined by 
the pendulosity of the pendulum, th,e airspeed, 
and the turn rate.. On the other hand, if- the 

' pendulum were, purely gyroscopic wi^thout any 
pendulosity, it would be precessed about the 
longitudinal axis by air^aft turns about the 
vertical axis. The amount of this precession 
torque4s determined by the angular momentum 
of the spin motor and the turn rate. Since the 



spin axis is perpendicular to the line of flight 
and the spin motor spins in the direction of 
night, precession is always toward the inside of 
the turn. Therefore, the outward swing of the 
pendulum caused by the centrifugal force of a 
turn can be canceled by the precession torque of 
the pendulum when these two forces are equal. 
To keep these two forces equal, the speed of the 
spin motor is kept proportional to the airspeed 
(the turn rate acts equally on both forces), and 
the pendulum remains vertical during turns. 

The analytical expression for pendulum 
compensation of verticality errors caused by 
turning is . 



where 
H ^ 

CO = 

P = 
Va = 



Hco = PVacj 



angular momentum of the spin 
motor 

aircraft turn rate 

pendulosity 

airspeed 



As in the case of longitudinal accelerations, 
airspeed is the horizontal component qf aircraft 
speed, so at flightpath angles other than 
horizontal, the horizontal componQnt must be 
computed. . ' 
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Spin Motor Speed (Control 

The speed control circuit operates to keep 
the speed of t|Ue pendulurn spin motor 
proportional to the horizontal component of 
airspeed. The two inputs to the circuit are 
p«ndulum spin motor speed and resolved 
airspeed. The resolved airspeed is the command 
signal which determines spin motor speed, while 
the spin motor speed input is fed back to 
maintain spin motor speed with a high degree of 
accuracy. (See fig. 5-15,) 

The airspeed input signal for the reference 
set comes from the airspeed potentiomeier in 
the aircraft's central air data computer. This dc 
input is amplified for the speed control circuit 
by dc amplifiers A21A1 and A21A2. Cosine 
potentiometer R220 resolves the airspeed signal 
into its horizontal component. It is a cosine 
wound resistor with its case on the outer roll 
gimbal and its wiper arm attached to the 
pendulum pitch gimbal. During horizontal flight, 
the output/input ratio of the cosine 
potentiometer is 1:1, or the output is the same 
as the input. As the aircraft pitch attitude 



"deviates from horizontal, the output of the 
cosine potentiometer decreases by the cosine of 
the pitch angle. This horizontal component of 
airspeed is applied through a speed control 
calibration adjustment resistor to modulator 
A20. In the modulator, a 400-Hz signal is 
generated which has an amplitude proportional 
to the magnitude'' of the dc input signal. The ac 
output of the modulator is amplified through 
three stages of amplification— preamplifier A13, 
servo amplifier A19, and speed control output 
amplifier Al 1 -before being applied to the 
pendulum spin motor control winding. The 
pendulum spin motor is a 2-phase motor with its 
fixed phase winding powered by 115 volts, 
phase A. The speed of the spin motor is 
proportional to the amplitude of the 0 to 27 
volts ac applied to its control phase. Since the 
ampitude of the power applied to the control 
phase winding is proportional to the horizontal 
component of airspeed, the speed of the 
peridulum rotor is, in turn, proportional to the 
horizontal component of airspeed. 

Feedback to maintain spin motor speed 
accurately is accomplished by a spin motor 
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Figure 5-15.— Spin motor speed control Nock diagram. 
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speed pickoff, conversion circuitry, and signal 
mixing just ahead of the modulator. Speed 
pickoff A202 is a winding placed close to the 
rim of the spin motor. As the spin motor spins, 
slots in its rim interrupt the induced field of the 
speed pickoff. These interruptions generate a 
pulse train in the speed pickoff. . The pulse 
repetition rate is proportional to the speed of the 
spin motor. The pulses are amplified by speed 
control feedback preamplifier Al 2. Driver A18 
differentiates the pulses into positive and 
negative spikes. The time constant of the driver 
is sufficiently fast so that the highest possible 
pulse rate will not cause limiting of the spikes; 
therefore, regardless of pulse rate, all spikes 
contain the same amount of power. The digital 
to analog converter, Z 1 , operates basically as a 
pulse counter, generating a dc voltage of a 
magnitude directly proportional to the pulse 
rate. This dc feedback signal is the opposite' 
polarity as the airspeed dc command signal. 
When the two mix at the input to modulator 
A20, the resultant signal keeps the spin motor at 
the command spee'S. The command control is 
fed through a speed Control calibration 
adjustment resistor which sets the ratio of the 
command signal to the feedback signal so that 
spin motor speed control is accurate for various 
combinations of attitude and airspeed. It is 
adjusted at 50 percent airspeed (750 knots) for 
50 percent rotor speed (approximately 3,300 
Hz). 

A low speed cutoff circuit (not shown in 
figure 5-15) disables the speed control output 
amplifier. All, below 75 knots. The dc signal 
representing the horizd^tal component of 
airspeed is applied to the relay driver. Below 75 
knots, 28 volts dc is applied to the low speed 
cutoff relay. When the low speed cutoff relay 
energizes, one set of contacts removes the 
28-vd4t dc B+ power from speed control output 
amplifier All, while another set of contacts 
removes the power from the spin motor fixed 
phase wincling. 

' Erection 

The erection system operates in three modes 
to erect' the vertical gyro in the sensor— initial 
erection, precise erection to pendulum vertical, 
and emergency operation. To meet the operating 



requirements of these modes, two independent 
erection systems are utilized— electrolytic 
erection. and pendulum erection. 

The electrolytic erection system is .utilized 
for initial erection and emergency operation. It 
senses vertical with electrolytic svsdtches and 
uses its own pitch and roll torquers to erect the 
vertical rgyrov Each torquer is a 2-phase wound 
motor segment which uses the appropriate 
gimbal as its armature. Each electrolytic switch 
operates in a phase shifting network with two 
capacitors. Tilt of the gimbal unbalances the 
resistance of the electrolytic switch which shifts 
the phase of one leg of the network to lead and 
the other leg to lag, energizing the torquer in the 
appropriate direction for correction. 

For initial erection, the electrolytic erection 
system utilizes a sequence of power application 
to erect the vertical gyro with a minimum of 
nutation during acceleration of the gyro' rotor to 
operating speed. When the rotor has reached 
operating speed and the vertical gyro is erect, 
the electrolytic erection system is disabled and 
the pendulum erection system is activated. 

After the initial 60 seconds, the pendulum 
erection system takes over erection to reference 
the vertical gyro to the pendulum. If in this 
mode the vertical gyro drifts from vertical in 
roll, synchro control transmitter Bl 02 generates 
a cotnparaWe- ertor signal (fig. 5-16) >yhic'h is 
amplified "by roll driver ,A6 and roll output 
amplifier A5. N^otor generator MG410 is 
activated by the error signal and drives the outer 
roll gimbal s6 that it tracks the vertical gyro roll 
gimbal. Torquing of the Outer roll gimbal 
displaces the pendulum pickoff, A201A and B, 
from null. Jhe primary of pendulum pickoff 
A201B is connected to the outer roll gimbal 
through the pendulum pitch gimbal, so that it is 
displaced from the null position (under the 
secondary of pendulum pickoff A201A) when 
the outer roll gimbal moves. The primary is 
excited by phase A and a quadrature voltage, 
phase A-90^. The phase A is used as the pitch 
erection channel reference, while the phase 
A-90° voltage is the roll channel reference. The 
pendulum pickoff is limited to 2° of deflection 
from null by the pendulum housing. Error 
signals from the pendulum pickoff are amplified 
by erection amplifier A16A1 and . applied to 
bot^i pendulum torquers on the vertical gyro 
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Figure 5-1 6. —Pendu I uhfi ^erection block diagram. 

1- gimbals. Because pendulum pitch torquer Bill 
and pendulum roll torquer B310 on the vertical 
gyro gimbals are referenced the same as the 
pendulum pictoff, phase discrimination occurs 

;at the torquer^, and pnly the appropriate 
torquer is activated by the error signal. When the 
pendtilum pickoff is deflected inVoIl, phase 
A-90° error signal activates pendulum roll 
torquer B310 to precess the vertical gyro roll 
gimbal until the vertical gyro is once again 
vertical with respect to the pendulum. When 
verticality is achieved, all error signals reduce to 
nuU. 

If the vertical gyro drifts in pitch, synchro 
control transmitter B112 on the vertical gyro 
jpitch gimbal transmits this new angle to synchro 
control transformer B221 on the pendulum 
pitch gimbal. B221 develops an error signal 
which activates motor generator MG3 1 0 through 
pitch servoamplifier A7. MG310 drives J he 
pendulum pitch gimbal §0 it tracks the vertical 



gyro pitch gimbal. Movement of the pendulufn 
pitch gimbal displaces pendulum pickoff A201 
in pitch. The phase A pitch error signal 
generated by the displaced pendulum pickoff 
activates pendulum pitch torquer Bill on the ' 
vertical gyro gimbal through erection amplifier 
A16A1, The vertical gyro pitch gimbal is 
precessed by BUI until it erects the vertical 
gyro to pendulum vertical, and the error signals 
reduce to null. Vertical gyro verticality errors 
which are other tj^n directly along the pitch or 
roll axes are resolved by the gimbaling into 
. orjtHiDgonal (perpendicular) components, and 
proportional corrections are made by the pitch 
and roll erection channels, - 

The vertical gyro is continuously corrected 
for earth profile errors by an airspeed input 
applied to erection amplifier A 16A1 (fig, 5-16), 
The horizontal component of airspeed is applied 
to chopper A16Q3 to convert its dc magnitude, 
into a comparable ac amplitude. The chopper is 
referenced to phase A so that the* earth profile 
correction wiU operate only the pendulum pitch 
torquer. The pfiase of this signal is such that the ; 
vertical gyro pitch gimbal is always driven in the 
dive direction, and it is attenuated to the level 
where the vertical gyro pitch gimbal makes jusyt 
the right correction for the speed at which the 
aircraft is following the curvatute of the earth. 

The verticality error signals from pendulum 
pickoff A2P1 are interrupted anytime the 
vertical gyro roll .or pitch gimbals exceed an 
angle of 40° from their normal position. 'This 
erection cutout places the vertical gyro into free 
gyro operation to avoid excessive gimbaling 
errors which develop in the erection system at 
large displacement angles. The cams and 
'switches for erection cutout are located on the 
vertical gyro gimbak. ^ 

In the event the reference set should develop 
a malfunction, the System automatically 
switches to electrolytic erection. An external 
ON-OFF switch in the cockpit is provided to 
apply a ground to erection rday A1K3. This 
dis^les the peiidulum erection system and 
* reactivates the electrolytic erection system if 
this mode is desired. When this ^witching takes 
place, the electrolytic erection system opi^rates 
on its normal erection rate of 1.5° per minute.' 
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Roll and Pitch Signal Channels 

The reference set provides two roll and two 
pitch output signals. (See- fig. 5-17.) The roll 
outputs come from' two synchro transmitters, 
B312 and B313, mounted between the ends of 
the outer roll gimbal and the frame of the 
sensor. The pitch outputs come from two 
synchro transmitters, Bl 12 and Bl 13, mounted 
between the vertical gyro pitch gimbal and the 
outer roll gimbal. 

Since the outer roU gimbal is servoed to the 
vertical gyro roU gimbal, it accurately tracks the 
vertical gyro roll gimbal, and the roll output 
synchros are in turn referenced to the vertical. 
• gyro rofl gimbal- This servo loop is interrupted 
during the initial 60 seconds of erection to level 
the outer roll gimbal to the frame and allow the 
vertical gyro to erect. The vertical gyro roll 
\ gimbal is ^ referenced to the pendulum by the 
*fer^ction circuit described previously. An output 



to the alarm monitonis taken from transformer 
T4 to provide a warning of roll servt) failure. 

The pitch output synchros^are referenfced to 
the vertical gyro pitch gimbal whiclj, in tunv; is 
referenced to the pendulum by synchro control 
transformer B221 on the pendulum pitch 
gimbal. The pitch servo is disabled during the 
initial 12 seconds of the erection cycle to allow 
the VG motor to accelerate and the gimbals to 
stabilize before using synchro control 
transformer B221 to provide a warning of pitch 
servo failure. 

Fiightpath Angle 

Accurate fiightpath angle (FPA) information 
is vital, to some modes of operation of the 
aircraft. The fiightpath angle is the angle of 
climb or div^ of the aircraft velocity vector. The 
fiightpath angle computer channel uses airspeed, 
barometric altitude, and vertical* accleration 
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Figure 5-18.— Flightpath angle computer block diagram.. 



inputs to develop an ac output proportional to 
the riightpath angle. In the computer, the 
airspeed along the velocity vector is compared to 
vertical velocity to derive flightpath angle. (See » 
fig. 5-18.) 

The analytical expression for thA-^ivation 
of flightpath angle is 

, - ■ -1 Z 
* 7 = sin ' JL^ 

Va .. 

where 

. 7 - Flightpath angle 
-1 

sin = angle whose sine is 

Z = vertical velocity 

Va = airspeed 

The comp,uter accompl^hes its solution ] by 
transposing 'terms and solving Va sin ^ =? Z. 

■When airspeed times the sijne of the flightpath 
angle equals vertical velocity, the servo loop is 
posifloned at the flightpath angle. 

A dc airspeed signal is obtained from the 
airspeed potentiometer in the central air data 
computer. This input is amplified by dc 
amplifier A21A1. The output of'the dc amplifier 

, is applied to one end of sine potentiometer. 

'MPIRI and thejnput of dc amplifier A21A2. 



DC amplifier A21A2 reverses the polarity of its 
input and applies its output to the other end of 
the sine potentiometer^ Therefore, the sine 
potentiofhejter has the opposite polarity of the 
airspeed signal applied to its two ends. The 
cjpnter of the sifle^ potSntiometer is grounded, 
and the wiper arm moves in a *90° arc in each 

\ direction from the grouncfed center tap. It is a 
sine wound potentiometer so that the output is 
the full airspeed v^age at 90° and decreases by 
the^sine of the flightpath angle to 0 volts at 0° 
The wiper arm of, the sine potentiometer is 
driven by the flightpath angle servomotor. The 
dc output from the wiper ami of the sine 
potentiometer is applied, to chopper Gl which 
converts the dc signal to ac for use >by the 
flightpath angle servo. 

The vertical accelerometer is utilized for 
determination of the vertical velocity signal. 

. Vertical acceleration is applied to integrator 
amplifier A10A2 through a voltage divider 
netwoFk,(A10Ri5, A10R16, andAlORl?/. The 
output of A10A2 is vertical velocity which is 

' scaled and fed to sumhiing amplifier A10A3. 
The output of A10A3 * is . utilized- in the 
computation of .flightpath angle. > . 

* fearometric altitude is. used in the vertical 
velocity circuit for long term stabilization during 
constant vertical. velocity conditions as foll6vy«' 

^The output of sumrt^irig amplifier A10A3 is fed 
to integrator ampBfier A 1*0^1 which produces 
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Figure 5-19.— Alarm monitor block diagram. 
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^computed altitude. This signal is then compared 
with' barometric altitude signal at amplifier ^ 
A10A3. The difference between these' signals is 
then used tO) correct the vertical vetocity output 
of AIOA3. ^ " . ^ ^ 

The' computed vertical com*ponent of . 
airspeed signal from thfe siite potentiometer and , 
the vertical velocity signal from summing 
am^fier A10A3 are compared at chopper Gl. 
These two signals are connected series opposing 
so that current flows in the primary of 
^ tf ansforrtier T6 only when there is a difference 
,in their values. Inequality of the two signals 
dpvelops an ac error signal in the secondary of 
J6, which is applied to the gain control circuit 
for limiting of amplitude changes. Preamplifier 
A8 and servoamplifier A16A2 ^)rovide power to 
the flightpath angle motor which drives the sine- * 
•. " ■ . ■• • 

: ■ ' 118 

; 130 



potentiometer until its output equals the output 
from the summing amplifief. At this time, the 
sine pot^fvtiometer is positioned at the ^ 
flightpath angle. Since the linear 'transfomjer is 
also driyen \y the flightpath angle motor it . 
develops an ac output whose amplitude and 
phase are indicative of the flightpath angle. 

Alarm j^onitor 

The' alarm monitor (figt 5-1 9) ^ provides 
warning in the event of a failure which would 
produce unreliable indications from the vertical ' 
reference set. It monitors 3-j)hase ac- power, .. 
28-volt >dc 'power, positive arid negative 28-volt 
derived dc, positive, and ^negative. 15-volt 
regulated dc,. pitch servo channel, roll servo 
channel, and flightpath angle computer. If any 
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of these functions fails, the alarm' monitor wiU 
cause warning flags in the indicator to appear 
and the PRIM GYRO OFF' light to illurninate. 
The system will then automatically switch to 
electrolytic erectipn. 

In normal operation, the alarm monitor 
circuit nolds relay A2K1 energized. Relay A2K1 
in turn holds relay A2K4 energized. These two 
relays control power OF^* and displacement 
warrfing flags in the attitude indicator, the PRIM 
GYRO OFF light on the right-hand console 
caution lights panel, and the erection relay. If 
there is a failure in the reference set, the alarm 
monitor allows these two relays to deenergize. 
This causes the flags to appear in the attitude 
indicator, the warning light to come on, and the 
system to revert to electrolytic erection. . 

The alarm monitor monitors the neutral leg 
of the 3-phase power applied to, vertical gyro 
rotor B 1 0 1 . If any leg of the 3-phase power fails, 
current flows in the neutral line. This current 
flow is sensed by the alarm monitor which 
operates the warning flags and ligl]t. 

In the eivent of failure of the aircraft 28-volts 
dc, the power relay, K3, wiU deenergize, 
interrupting the 3-phase ac power. Interruption 
of the ac power ^yill cause failure 6f-the positive 
and negative regulated 28 .volts dc and the 
positive and negative regulated 1 5 volts dc. The 
regulated 28 volts dc is monitored by 28-volt dc 
monitor A 17. If the positive regulated 28 volts 
dc drqps below 1 5 volts, or the negativje 
regulate^ 28 volts dc drops below 2^ volts, tli^ 

^ alarm rf)^onitor operates. The positive and 
negative reflated 1*5 volts dc is monitored by 
,15-vplt dc monitor A9. If,thi? reg^ilated 15 volts 
dc drops below 9 volts, the alarm monitor 
operates. For the initial 6Q seconds of operation 
of the reference set, the negative rejgulated 28 
volts dc is returned to ground through resistors 
located in 28-volt dc ntonit'or A17, and the 

• contact of the 6(>secopdi^ tKermal start cycle 
relay. The alarm monitbr sees this condition as a 
failure of the negative 28 volts dc arid keeps fiie 
warning flags in view for the initial 60 seconds. 

» The j>itch Signal ch'annel is monitored at 

j)itdh servo CT B22 1 . If the .pitch channel 
malfunctions, the error signal in .B221 wiU 
become excessive. The alarm monitor op^ra^s 
when the error buUds up to 10°. The roltjagrial 
channel is monitored in a similar maniftr a/ 

' . * ^:1 1 



transformer T4. The alarm morlitor ^operates 
when the roll error reaches 3°. 

Fiightpath angle computer failures ar^ * 
detected at either of two points-at feedback 
integrator AlOAl or at preamplifier A8. If the 
vertical velocity computer "malfunctions, 
feedback integrator AlOAl will draw 'extessive 
current, causing the alarm monitor to operate. 
Excessive servo loop errors wiir cause excessive 
dutput from preampHfier A8. This condition/ 
also causes the alarm, monitor to operate. 

Built-in Test Qrcuit . ' 

The built-in-test (BIT) circuit works through 
the alarm monitor (fig. 5-19) to indicate 
whether the pendulum «pin motor speed control 
circuits are operating correctly (fig. 5-15). If the 
speed control is not operating correctly, the. 
alarm monitor will cause the warning flags and 
light; to indicate failure when the BIT check is 
performed. If the 'speed control is operating 
correctly when th^ BIT check is performed, the 
warning flags. will wave and the light will flash . 
on and off at a steady r^te. ^ 

When the cockpit raounteda BIT switch is 
placed in INTERNAL position, ^lay A17K2 is 
energized and thermal relay K4 be^s to heat. 
Relay A17K2 substitutes the 7.5-volt dc signal 
for the airspeed input signal to the speed control 
circuit. This simulate^ airspeed signal will drive 
the pendulum spin motor at 50 percent speed 
(half speed produces approximately 3,300 pulses, 
per^second). Thermal reliay K4 has a 60-second 
delay to allow the circuits to stabilize prior to 
testing. At 60 seconds, the contacts of K4 close 
and relay A17K1 energizes connecting the BIT 
> circuit to the alarm monitor. Pendulum spin 
motor speed is monitored by the BIT circuits at 
transformer T5^ This variable rate pulse, train is 
monitored by BIT discriminator/sumfner 
circuitry A17. BIT sense level potentiometers on 
the 'A17 card adjust the high and low speed 
limits. If the spin motor speed is too high or too 
low, diodes conduct and develop an output for 
the alarm monitor. 

When the spin motor speed is within the 
specified Hmits, there is no output from the BIT 
discriminator/summer. With no output from the^ 
discriminator/summer, the ' alarm monitor 
deenergizes rela/1 A2Kl..; When relay A2K1 
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V Figure 5-20. -VFRS 

deenergizes, it provides a discharge path for a. 
capacitor in the discriminator/summer. The 
Capacitor discharges until it reaches a level which 
permits the alarm monitor to reenergize relay 
A2KL This circuit continues to' cycle, waving 
the fla^s and flashing the warning light to 
indicate that the pendulum spin motor speed 
control is operating correctly. If the spin motor 
is operating too fast or too slow, the output of 
the BIT discriminator/summer causes the alarm 
monitor to keep relay A2K1 deenergized, keep 
flags in view, and keep the warning light lit. 

The BIT check is the only test performed on 
the VFRS at the organizational level of 
maintenance. If the VFRS fails the BIT check, 
the reference set, sensor, and computer must be 



block diagram. 



removed as a unit for repair and calibration at an 
intermediate level maintenance activity. 

The "EXTERNAL" positi^on on. the BIT 
switch is used for applying an extemal^gnal for 
calibration purposes, which is ako perfo^tped at 
the intermediate, or higher, level.^ of 
maintenance. . 

Power Distribution 

The reference set uses 1 1 5-volt, 400-Hz, 
3-phase wye-connected power and 28-volt dc 
power. This power enters the computer through 
the contacts of a power relay. Aircraft-supplied 
28 volts dc holds the f)Ower relay energized 
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when a ground is applied to the relay from an 
external ON-OFF control circuit. 

The computer derives positive and negative 
28 volts dc and positive and negative regulated 
15 volts dc from the 3-phase aircraft power. 
These regulated voltages are used in circuits 
where power variations would degrade 
performance. The unregulated 28-volt dc aircraft 
power is used primarily where, considerable 
current is required, such as for energizing relays 
and for ampHfier output stages. ^ 

When power is initially applied to thp 
reference set, a 1 2-second thermal delay relay is 
activated by 1 1 5 volts, phase C,and a 60-second 
thermal ' delay relay is activated by 115 
volts, phase B. As the normally closed contacts 
of these relays open, relays -in the erectioii 
circuit are*; operated to produce the results 
described earlier, y 

SUMMARY OF VFRS OPERATiOl^ 

Figure 5-20 provides a simpHfied functional 
block diagram, 6f the VFRS, The functions of 
the major circuits— outlined by a single line-are 
as follows: 

■ . 

1. 'The power distribution circuits receive 
aircraft power, modify that power to system 
requirements, and distribute^, the powet to the 
system. ' . r ^ 



2. The start cycle relay circuits control 
power application to. the vertical gyro and to the 
gyro erection circuits to'ensure proper erection. 

3. The electrolytic-controlled erection 
circuits initiaUy erect, the gyro to a spin-axis 
vertical position. 

, 4. The roll channel provides the system roll 
output signal, and incorporates a servo loop to 
position the outer roll gimbaL 

5. The pitch channel provides the system 
pitch output signal, and incorporates a servo 
loop fciljf^position the pendulum pitch gimbal. 

6. The pendulum-referenced erection 
circuits assume control of gyro erection 
approximately 60 seconds after power 
application to the system, and maintain the spin 
axis vertical. 

'7.* The spin motor speed control circuits 
control pendulum spin motor spee^} to 
counteract the effects of acceleration on the^ 
pendulum. 

8. The flightpath angle computer circuits 
receive airspeed, altitude, and Vertical 
acceleration signals and compute the flightpath 
angle. Airspeed is also applied to the spin mptor 
speed control circuits. 

9. The failure monitor monitors various 
parameters throughout the system and activates 
indicators in the event of failure. 



CHAPTER 6 



INERTIAL NAVIGATION 



The introduction of inertial navigation 
systems into naval aircraft has crea^ a whole 
new set of problems in operation, maintenance, 
and deck handling. This chapter discusses the 
fundamental concepts of a semianalytic inertial 
navigation system, and other" types of inertial 
systems are discussed at the end of this chapteil 
A block diagram description of a typical inertial.f 
navigation system is included in Aviation 
Electrician's Mate 3 & 2, NAVEDTRA 10348 
v(Series). « 

FUNDAMENTALS OF INERTIAL ' * 
NAVIGATION 

Much of the material that rollows in this * 
chapter is reprinted by perihis^ion from 
Fundamentals of Inertial Navigation, published 
by-Litton Systems, Inc., copyright 19^9. 

Navigation may be defined as the process by 
which one. directs a vehicle fronj one point to 
another. BasicaUy, navigation can be divided 
into two categories:^ (1) position fixing and (2) 
dead reckoning. In the first category,. position is 
determined t)y your position relati¥«eN^^ 
positions of known o|?jects such as stars aha 
landjnarks. The most common example of this is 
celestial nayigatiori. Loran is another example of 
navigation by periodic position fixes. The 
second category, dead reckoning, is the process^ 
of estimating your position from the following 
known information: » Jv 
.'}- ' '^^ 
. \. Previously "known position. 
' * 2. .Coursei%:;i f - • 

1:3..' Speed. ^ -p. 

4. Time elapsed. * 

Examples of thi^ category are the Dopplejr radar 
and the inertial navigators. . 



All navigation Systems, except inertial, rely 
on some bit of information external to the 
vehicle to solve its navigational problem. In this 
respect the inertial navigator stands alone. It is 
completely self-contained within the vehicle^ It- 
is independent of its operating environment, 
such as wind, visibility, or aircraft attitude. It 
does not radiate RF energy; therefore, it is 
impervious to countermeasures. It doeis riot 
depend on ground transmission or any other 
outside s'ou^ce to determine its instantaneous 
position. The inertial p^^ator simple makes use 
of the physical laws of* motion that Newton 
described threS centuries ago. ^ ' 

BASIC PRINQPLES / 

Perhaps the most important part of 
Newtonian physics on which the concepts of 
inertial navigation systems are based is described 
by Newton's First Law of motion: "Every body 
continues in its state of rest,, or of uniform 
motion in a straight line,^ unless it 'is compeUed 
to change that state by forces impressed on it." 

The full meaning of Newton's First Law is 
not easily visualized in* the earth's reference 
frame, for Newton's laws apply in an inertial 
reference system. An inertial reference system 
may be defined as a nonrotating coordinate 
frame, either, stationary or moving linearly at a 
uniform speed, in which there are no inherent 
forces, such as' gravity. 

A simple test of whether one is in a true 
inertial system can be made by having the 
observer release an object and observe its 
motion. If the object is released without 
imparting any acceleration to it, the object will 
remain in its position relative to the observer24f 
the' object is thrown, it will continue on/ari 
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undeviating path at a constant speed. Such a 
system can exist only in empty space; far from 
any mass, for .all masses contain gravitational 
forces. A reference system attached to the earth 
can closely approximate an inertial system when 
the'gravitational force on a body is balanced out 
by a second force. For example, an^^bject 
sliding on-v^ flat frictiohless plane on the surface 
of the earth would move in a NEARLY straight 
line with a NEA,RLY constant speed, as seen by 
an observer in the earth's coordinate systenv 
• ■' ' 

• NOTE:^ The word NEARLY is emphasized 
because the object yvill deviate slightFj^ frdm its 
straight -line motion because of the earth's 
rotation about its axis.^'^ ; ' . > 

'.'•''■>■■ *v «^ 

vNewtQh's Second; Law -pf ^^jtription shares 
importance • wi th his First. . La>W. iii the inertial 
ji^avigator; for it is ]J!Jewton*s Second Law that 
the" inertial navigaJpis is based on. Newton's 
Second Law of rncnion states: "Acceleration is 
proportional to tfie; res force ^nd is in the 
samej direction as jthis force." ThuSj the Second 
Lawis writ^n ^ 



where 



F 
m 

a 



F = ma 



force . 
mass 

acceleration 



Now, the physical quantity in the foregoing 
equation in which the inertial navigator is 
interested is acceleraftion; because from 
acceleration, velocity and displacement can be 
derived. For example,* consider this fact: Before 
an object can change its state df rest or state of 
motion, it rrjust first experience atn acceleration; 
and since acceleration is a change in velocity and 
velocity 'is a change in position^, "then 
acceleration is ' a change, in the change of 
position.' Ho\yevej, before any^ change, can have 
meaning, it. myst\. include the unit time. 
Therefore; a change per unit of-»time is definpd 
as a rate-of-cljange-'Thus, a rate-of-change of 
displacement is velocity; a rate-of-change of 
velocity is acceleration; and a rate-of-change of a 



rate-of-ch^nge of displacement is acceleration. 
Written mathematically, 

■ , ' ' ds •• 



df 



d2s 
dt2 



■ = V 

dv 

dt " 



where, ds/dt is defined is the rate-of-change of 
displacement "s" with respect to time and 
d2s/dt2 is the r a te-qf -change of the 
rate-of-change of displacement "s" with respect 
to time. . , * V 

The equations given above are from calculus, 
and are called derivatives. The act pr,prcw:6s% df 
JaScing derivatives^ is called ' differen|iation* In 
calculus^ ^he apt-Jifproofess that^^ re.vierses f^ie 
operatitfhifbf differentiation is called iiitegration. 
Differentiatiomis the''flrbcejs of investigating or 
comparing hoAv one phys cal property * varies 
with respect to another; iirtegratiorr, the reverse 
of ,di|"fe5jentiatroi^^ the^Ufoces^ df summing 'all 
late-Qf-chang^s ^at dccur within the limits 
beii]£:^estigated. 

The inertial navigator is not a differentiating 
device; it is an integrating device. HoWever, 
Bfefore integration can be done', a rate-of-change 
must first be • supplied. Thus, the inertial 
navigator, when stripped to its barest essentials, 
is a detector and an integrator. It first detect^ 
changes of motion, and then it integrates these 
changes of motion with time to arrive at 
velocity, and again with^ time to arrive at 
displacement. - . 

\FundamentaIs of Integration'^ 



Since the inertial navigator is partly an 
integrating clevice, a simplified explanation and 
an applied example are given. First, consider the 
integrals of acceleration and. Velocity given as 



/adt 
/vdt 
//adtdt 

4- , 



where 



s = displacement 
V = velocity 
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a ■ = ! acceleration , 
/ = - integration symbol . ' * > 
"dt = time differential , 

The integraj, ^'equations show that >vhen 
acceleration is'^integrated with respect, to time, 
the result is velocity; when vdocity is integrated 
with respect,ta time, the result is displacement. 
Also, when acceleration 'iis integrated' twice 
(double integral) with respect to time, the result 
is displacement. ; 

Recall from elementary physics th^t 
acceleration whose, units are ft/sec2, multiplied f 
by time, in seconds is velocity in ft/sec. Also,, 
that velocity (ft/sec) multiplied by time (sec) is, 
displacement (ft). The integration of 
acceleration, for example, is the rjlathematical 
process of'summing all minute acceleration-time 
increments over a given time period, the result 
of which is velocity over the same time period.. 
The same process done on velocity gives 
displacerrient or distance traveled over the same 
time period. , 

An example of how a si^mple single-axis 
inertial navigator works is illustrated as follows: 
A man has an acceleration detecting device, an 
integrating device, and a displacement readout 
device strapped to his back. The acceleration 
detecting devii:e is capable of detection only 
along one line and is oriented in the backpack so 
that it detects accelerations when the man is 
moving forward. o|j backward, but not sideways 
or up and down (bobbing). Figure 6A is a block 
diagram of such a device. 

If a man starts at reference point A, noting 
the reading on the displacement readout device 
at'that point, and walks to point B, then stops, * 
the readout 4evfce will indicate the new 
position. The distance travded^ directly; from^ 
point A to point B added to th^reference^albe- 
noted at point ^A will be indicated om the 
displacement indicator. The man remits to 
point A by walking backwards so not to 
disorient his simple inertial device. Xt point A' 
his readout device indicates the vafiue that was 
chosen as a reference, which is me displacement 
at ppint B rtAius the distancejtravelQd directly 
from point^B to point A. 

Figure 6-2(A) is a graph (itf^the detected 
j^^acceleration;. fB) is the velocity curve ^btained 
by integrating the acceleration curve, in 
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Figure 6-1. --Simple singhe-axis ihertial navigator block 
' dia^rarrt. 



(A); and (C) is the displacement curve obtained 
by integrating the velocity curve shown in(B). 
All three curves are plotted as a function of 
time, 

The acceleration curve (fig. 6-2( A)) begins at 
time to as the man begins his walk from point A 
in curve (G). The acceleration at time tola's a 
value of ai a^, it remains at that value ^ until' 
time ti, where the man ceases to acceleratjJ; 
therefore, acceleration goes .to zero. At this 
point, a steady velocity is reached. The man" 
continues walking at a. constant velocity uAtil 
time t2 where he hoa^^s^^^ stop.^ The 
.acceleration detector detects an acceleration 

" equal in value to a l , but its direction is opposite. 
This acceleration is constant from tiiie t2 to 
time t3, going to zero'^at time t3. The man ts 
now stationary » a;id standing at -hiS 
destination -ppint B. . 

Now, look at the velocity curve for the time * 

* interval tQ to t3, which is the reisult obtained 
when acceleration is integrated over the same 
interval^it is the output of ithe first integrator 
from to to t3. During the interval tQ to tl^ 
velocity is^chaiiging in an increasing or positive 
direction. Thismeans that an acceleration is . 

^ taking place ftnd . is positive. ^Velocity is constant 
dujring ^ime interySl tl to t2, which means that 
acceleration is z^o. At tirfke t 2, Velocity begins 
to decrease* which means that an acceieratioh is 

I agajn taking place. In tfiis case! the acceleration is 
w'^gatiVe. At time t3, both acceleratiojj and ' 

V velocity are zero. 

Since th6 inertial navigator's purpose is to 

> keep track of position and not* total distance 
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TIME 



TIME 



Figure 6-2.— tnt^ration of acceleration and velocity. (A) Acceleration; (B) velocity; (C) ditplaoement. 
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traveled, it integrates all values of acceleration 
(positive and negative) detected over the time 
interval. Therefore, it is the net value of 
acceleration in which the inertial navigator is 
interested. For instance, in the time interval tQ 
to t3, all accelerations that occur over the time 
interval are summed, which gives a net value at 
time t3. In this case, integration of acceleration 
(curve (A)) is the process of summing the area 
bounded by the acceleration curve and the time 
axis, where the area above the time axis is 
positive and the area 'below the time axis is 
negative. Since the area above the time axis is 



equal to the area below the time axis*, the net 
value of acceleration for the interval tQ to t3 is 
zero. The integral of acceleration for the interval 
to t3 is therefore zero, which means that the 
velocity at time t3 is equal to the velocity at 
time to, which in this case^ zero. 

Now, integrating velocity from time tQ to t3 
(which is the job of the second integrator) gives 
B units of displacement dn the displaceihent axis 
at time t3. The displacement readout device 
changes continuously as long as the second 
integrator produces -an output. The second 
integrator ceases to produce an output when the 
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fir$t integrator (velocity) eeases to produce an 
output. The velocity integrator continues to 
produce an output until it receives an 
acceleration which balances out the initial 
acceleration, thus producing a net acceleration 
of zero. The readout device stops at the poinrl 
where the net acceleration is zero. Until this 
condition is reached, the readout device 
indicates continuous change in displacenr^ent. 

The return trip is described as follows: The 
man pauses at point B for time interval t3 to t4, 
then begins walking backwards to point A at - 
time t4. The acceleration detector detects, an 
acceleration -a2, which is negative and slightly 
less than the previous acceleration, -a]. At time 
t5 a steady velocity is reached and acceleration 
goes to zero at this point. Note also that velocity 
is now negative since the direction of travel is 
reversed. Since the magnitude of acceleration, 
' -a2, is less thiin that of a i , maximu/n velocity on 
the return trip is less and, therefore, the time 
required to return to point A is greater. This is 
shown by time interval- t4 to ty greater than 
time interval tQ to t3. When the qian is nearly at 
point A, he begins to stop, which is at time tg, 
producing an acceleration a2 as detected by the 
acceleration detector. He comes to a full stop at 
time t7 where his detector detects zero 
acceleration. Since the net acceleration over the 
interval is again zero, the output of the first 
integrator (velocity) is zero; the output of the 
second integrator (dispjauement) stops with the 
displacement readout device indicating the 
reference value that was originally notexi at 
point A. 



The simple inertial navigator just described 
will detect and compute all changes in 
displacement PROVIDED the acceleration 
detector (accelerometer) retains i.ts straight-line 
orientation and all motion is along a straight l\f\e 
passiog through the reference or initial point. -* 

With this simple inertial navigating device, 
the» man is restricted to » navigation along a, 
straight line, and on the return trip he must walk 
backwards (unless he unstraps the device from 
his. back and sets it down, and then turns around 
and straps it to his chest, then proceejls walking 
forward). 

Two-Axis Inertial Navigation System 

Suppose, for example, that the earth is flat. 
If so, position can be determined by the use af a 
system of coordinate axes. This system of 
coordinates is defined two sets of parallel 
lines (x and y) in wluv n one set of linfes is^. 
perpendicular to the other set of lines, 
forming a grid net>york oyer the earth's suij 

Now, if two single-axis inertial havi 
devices are used, position on '^the plalie (flat 
surface) can be determined by simply 
mainta'i|ung P'^K^r ' orientation of each 
accelerornfier's sqP«tive axis relative to the 
coordinate! system. That is, one accelerometer is 
mounted on a platform so that its sensitive axis 
lies along tire x-axis, and the other accelerometer 
is mounted \)n the same platform so that its 
sensitive axis lies along the y-axis, thus 
maintaining their axes mutually perpendicular. 
The accelerometers will then sense any rate of 
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Figure 6-3. -Two-axis inortial navigation system, block diagram. 
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Figure 6-4.-T*o-axl$ inertial platform in a plane coordinate system. 



change of velocity along the coordinate axes. 
Figure 6-3 is a block diagram, of a simplified 
two-axes inertial navigation system. 

< Figure 6-4 is an illustration of tlie'^iftertial' 
platform mounted on a vehicle movinjg over a 
plane coordinate system. Note that the platform 
and accelerometers remain oriented with the 
coordinate axes regardless of the heading of the 
vehicle. Displacement of the vehicle over ,t}l<^^ 
grid system is represented by ' the vehicle's 
ground track, which' can be located by the x, y 
coordinates at any given time. The 
x-displacement is pUftted left/right, and the 
y-displacehient is plotted top/bottom on \\w 
page. Time is referenced to the x^axis. 

Fij^re 6-5 is an illustration of a typic:il set 
of acceleration and v(elocity cu>ves obtained 



from the inertial navigation system shown in. 
figure 6-4. 

Referring to figures 6-4 and 6-5, the 
Operation of the plane inertial navigatiori'system 
is explained as follows: The vehicle is aligned 
(initialized) on the coordinate system with a 
displacement of 3 on the x. and y axes; that is, 
' both X and y displacement indicators are set to 
read 3, At tirtie t3, the vehicle experiences an 
acceleration. A, in a direction of 45° from the 
X-axis. .The accelerometers detect only thiit 
portion of the acceleration thi^t lies along its 
sensitive axis; that is, the x-accelerometer 
detects the component of acceleration along the 
X-axis, which is A cos a, and the y-accelerorpeter 
detects the component* of A "along the y-axis, 
which 1$ A sin a. The vehicle Continues in a 
direction of 45° until time ti5, at which time it 
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FiQure 6-5.— Acceleration ancl velocity curves. 

begins a turn to the right. Since the sine and 
cosine are equal to each other at the angle 45° 
(which means that the acceleration and velocity 
along the x-axis is equal to the acceleration and 
velocity along the y-axis), thf displacements 
along X and y are equal at time ti5, which is x = 
; 15 andy = 15. 

At time t j 5 , the vehicle begins a turn to the 
right, completing the turn at time t20- The nQw 
direction is pgiraljel tp the x-coordinate and 
perpendicular to the> y-coordinate. Referring to 
figure 6-5, the time interval ti5 to t20 shows 
that the x-accelerometer detects a positive 
acceleration while the y-accelerometer detects a 
negative acceleration. If the speed of the vehicle 
is maintained constant throughout the tum^ the 
detected acceleration results from a velocity 
change which is due to a change in direction 
rather than a change in speed. This acceleration 
is called RADIAL (centripetal) acceleration, Ar, 
and is directed toward the center of the turn and 
perpendicular to tangential velocity, Vj, as 



shown at coordinates (17.5, 17) in figure 6-4. 
Had the speed not been constant during the 
turn, a tangential acceleration, Aj, would have* 
occurred, >yhich would be parallel to the 
tangential velocity (Vj) vector and normal (at a 
right angle) to the radial acceleration vector 
(Ar). Its direction would depend upon whether 
the speed was increasing or decreasing, positive 
or negative. Had the acceleration which resulted 
from the vehicle turning been due to both a 
change in speed and direction, the 
accelerometers would have detected the x and y 
components of the fesulta!ftt of the two 
accelerations. 

The important .jpoint. to note about detecting 
acceleration ojf an accelerating body is that the 
accelerometersV<iQtect only the component of 
the resultant acceleration along their sensitive 
axis. The accelerometers have no way of telling 
whether the detected velocity change is due to a 
speed change or a direction change or both; nor 
does it matter what forces cause the velocity 
changes.>rThe end result is the same provided the 
accelerometers maintain correspondence with 
the coordinate axe^. . 

Referring to. the acceleration and velocity 
curves in figure -6-5, tjle.^ integration of the 
!x-component ofj^cceleratipn^for the interval ti 5 
to t20 shows.;an incr^a^^ x-component of 
velocity and, tlierefore^a'c^ increase 
in displacement' aldng the:X^ Integration of 
the y-component of acceleration over the' same 
interval shows that the velocity goes to zero at 
time t20; therefore, the displacement along the 
y-axis ceases to change. Hence at time tl5, the 
displacement is (15,- 15); at time t2p, the 
displacement is (20, 15); at time t25, the 
displacement is (25, 15), etc. 

The inertial navigation system just described 
will navigate very well dn a flat surface; 
hovever, to navigate on the earth requires a 
highly complex inertial system. The earth of 
course is not flat, and it is not exactly round 
either. Its radius pat the poles is less than its 
radius at the equator. It also spins about its 
polar axis and orbits around the sunvAll of these 
things must be taken into account aU corrected 
for (except the earth*s motion in orbit around 
t|ie. sun) before navigation on the" earth by 
inertial means can be realized. The earth*8 
motion about the sun does not affect an earth 
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inertial navigatia&;S^tem because this motion is 
translational' which is shared equally by all 
points on the eailh. 

BASIC SYSTEM COMPONENTS ^ . 

The: inertial navigation; systenv measures 
aircraft accelerations to continuously compute 
aircraft velocity and change in present position. 
These measurements are made by precision 
inertial devices mounted on a 3-axes stable 
element which is, in turn, part of a four-gimbal 
structure. The four-gimbal structure allows the 
stable element to move 360"" of freedom about 
the three axes. 

Two gyros provide gimbal stabilization 
signals to maintain the stable element level with 
the earth's surface and aligned to true north, and 
to measure aircraft pitch and roll attitude. Olie 
inertial characteristics of the gyroscd^s 
employed in the system are used to define afhi 
mdintain the reference axes for relatively long 
periods of time and with great accuracy. With a 
gyro stabilized platform as a reference, it is 
possible to accurately detect the desircfl 
components of motion in any direction using 
, precision accelerometers, and analog or digital 
/computers 



TORQUER 



Accelerometers 

The priifiary data source for this method of . 
navigation is the accclefo meter. T^liree 
accelerometers, mounted on the stable element 
between the gyros, provide output signals 
proportional to total accelerations experienced 
'along the three axes of the stable clement. The 
accelerations are computed.^to produce aircraft 
velocities and charpge iji pdsitibn. / 

An accelerbnficter' coiisists^.^d pendulous 
mass which is freci to rotate ja^^^^^^^ pivot axis in 
the instrUmenftV Figure. '6:6 f^^^^^ form of 

this devioj. It^has aft/; cjcctncal pi^^ which 
converts the rotation of the.' ma^s. about the 
pivot axis to an output signal. An acceleration of 
the device to the right causes the pendulum to 
swing to the left, thereby providing an electrical 
pickpff signal which causes a torquer to restrain 
the pendulum. ThQ pickoff signal is supplied to a 
high gain amplifier, and the output of the 
amplifier is conn6cted to the torquer on the 
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Figure 6-6. -Typical torque-balanced accelerometer. ^ 

accelerometer. The operation of this feedback 
loop is such that when an acceleration is present, 
a voltage is sent to the torquer which hdlds the 
pickoff signal at a null under the* m'fl]bience of 
the \ ipeasured 3ccc^eration.^ Thi&*' 'voltage is 
^prpporiibiiartb/thc-^^^^^^ acceleration and 

' . provides, the eleetfjcal output acceleration signal 
* 'wl)ich isi^U^iied^t^ computer. 
K t}iq^r^^<^ji^^^ cannot distinguish 

■. between the acceleiration of the vehicle and 
gravitational acceleration. Therefore, if the 
accelerometer is tilted off level, as shown in 
figure 6-7(C), its output will include a 
component of gravitational acceleration as well 
as vehicle acceleration. To obtain the correct 
vehicle acceleration in the horizontal plane, it is 
necessary to hold the sensitive axis of the 
accelerometer normil to the gravitational, field, 
as shown in figure 6-7(B)., 

If the accelerometer is mounted on a 
platform (stable dement) in such a way that it is 
always held level, the accelerometer measures 
true aircraft acceleration in a horizontal 
direction, along the sensitive, axis of the 
accelerometer. By mounting another Ifevel 
accelerometer perpendicular to the first one (x 
and y axes), the total true acceleration in a 
horizontal plane is determined for any 
movement in any direction. 

Integrators ^ 

To convert the measured accelefetion . to 
aircraft position information, it is necessary to 
process the acceleration signals to produce 
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Figure 6-7'-Principle of accelerometer. (A) Accelerom- 
eter at nMllr,(B) true acceleration; (C) spurious accelera- 
tion due to gravity. 



velocity information, and then to process the 
velocity information to obtain distance traveled. 
An analog type integrator is shown in figure 6-8. 
It is "an electromechanical device which receives 
' an electrical input (acceleration or velocity) and 
» produces a shaft speed proportional td - the 
input. The shaft angle is the output of the 
integrator; and it is the mathematical integral of 
the input. If the input is acceleration, the output 
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Figure 6-8.— Analog integrating device. 
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Figure 6-9.-Basic inertial navigation system. 

is velocity; if^the input is velocity, the output is 
distance.^//. / : 

If phe v.of . the horizontal aeceleronfeters 
points iibrth/the other one will always point 
east. By^^ connecting the accelerometer outputs 
to integrators as shown in figure\6-9, distance 
traveled in the north-south and east-west 
directions can be determined. The importance of 
maintaining the proper accelerometer pointed 
north, and of maintaining Ijgth accelerometers 
horizontal to- the earth ^s surface, is apparent. If 
the- accelero meters til^. off level, gravitational 
components will be measured and navigation 
errors will result. third accelerometer is 
sometimes mounted on the stable element in the 
vertical plane to determine vertical acceleration. 
The gravity component is subtracted from the 
output of the accelerometer by the computer. 
The resulting signal represents actual aircraft 
vertical acceleration. Vertical acceleration is 
supplied to an integrator in the attitude 
computer which computes vertical velocity. 

Platform Stable Element 

Proper orientation of the accelerometers is 
maintained by mounting them on a stable 
element together with gyroscopes, which are the 
sensing elements for controlling the orientation 
of the stable element. The stable element (fig. 
6-10) is mounted on gimbals which isolate it. 
from angular motions of the aircraft. ' 
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GYROSCOPES.-The stable element 
CO n t^aijis two id e n t i c al f lo at p d , 
two-degree-of-freedom gyroscopes, mounted one 
on top of the other in a dumbbell configuration 
(fig. 6-jiO), with their spin axes horizontal and at 
right angles to each other. The wheels in these 
gyroscopes, which spfti at high-speed, resist any 
effort to change, the orien^^^tib^i of their spin 
axes. ^ i . •» 

Figure 6-11 shows . a t^vo-degree-of-freedom 
gyro and a single-axis stable platform. > The 
pickoffs on the gimbals within the gyro produce 
electrical signals if the gyro case ;is moved from 
its nuU position with respect to the gyro motor. 
With the gyros mounted on the stable element, 
any displacement of the stable element from the 
frame of reference will be sensed by the 
electrical pickoffs in the gyfosc^bpes. The signals 
thus created are used to drij^e the' platform 
gimbals to realign the stable element. ' 

PLATFORM G I M B A L 
STRUCrURE.--Figure 6.1^^ illustrates the 
four-gimbal platform configuration actually used 
in ^nertial navigation systbmk The stable 
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element is mounted in the .gimbal .structure so 
that regardless of what maneuvers are made by 
the aircraft, it retains the original orientation, 
thus serving as a level mount for the 
accelerometers. An azimuth gimbal permits th& 
aircraft to change heading withput affecting the 
orientation of the stable element. A pitcri gimbal 
removes the effect of aircraft pitch, ancl a roll 
gimbal eliminates the effects of roll. An extra 
roll gimbal' is provided which prevents the 
occurrence of gimbal lock during .certain aircraft 
maneuvers and makes the system truly'' 
all-attitude. Referring to figure 6-12, the inner 
^roll gimbal is provided to prevent gimbal lock, 
which would cause the stable element to tumble. 
Gimt^^l lock occurs when two of the giml)al axes 
become aligije^v>a!rallel>ao.each other, causing 
the stable Vfeineflt tdUps^ one of its degrees of 
freedonJ. ^Hen the,aifQr^ft^^^^^^ 90"" ia pitch, 
^e outej roJV'gimbai;is^^ through 180°. 

The gimbalLs-^re pri^rite^^^s^^^ aircraft attitude 
and heading^iy .be^^ohsed measuring angles 
between the gimbals. Synchros transmit this 
information to. the attitude indicator and,oth^f 
systems in the aircraft. 

' 1, * 

Platform Orientation.^Tigure 6-1 3(A) 
illustrates the apparent' rotation of a stabilized, 
platform located at the equator. As shown, the 
platform will remain fixed with respect 
to inertial space, but it wi^ll appear to rotate with 
respect to the surface of the earth as the earth 
spins about its polar axis. This is undesirable 
from the point of view of navigation, since the- 
accelerometers will not remain horizontal to the 
earth's surface, thus producing gravitational 
components of acceleration in the outputs of 
the accelerometers. * . 

Consider also what happens to a stable 
element which is aligned properly -at the 
beginning of a fligjit as the aircraft flies over the 
surface of the eairtft. If the. ajrcraft^ fl^ 
straight noriS] from , the eq^^^ the nortii - 

pole, as shown ;:in figurd:^rl 4(A),. the aircraft 
"sees" a continuing pit(^ ifn^neuVer. At the pole, 
instead of . the p^^^ with the 

surface of the earth, it would now bfe tilted 90^ 
off level. ' 
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Figure 6-11. -Single-axis, gyrostabilized platform. 



Gyro Torquing Computations. -To 
overcome the problems that arise from platform 
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♦azimuth gimbav 
pqJnting to 

jRUE NORTH 




tilti- the,^^ principle o 

nised.' lBy utilizing the gyroscop 
precession as the aircraft flies 
earth, it is possible to apply a q 
to the appropriate gyro a^is, th ^ 
the gyros to* * ipaintaijp the ^st^ 
horizontal "to tfie earth's surface^ 
north. . Opei|ati(^ of the^latfornf 
earth rate and aircraft |a^e'toi3uir^^ ^ - 
shoWn in Wgures 6- 1 3(ir^^ ^^^|^(^?') . 
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flipping action. 

Ail analog ppi digital ^computer is used to 
develop the sigrlals necessary to properly^ torque 
th^ gycos. Th^ correctfons for earth rate depend 
'bn the aircraft's position on the earth's surface. 
The analog corrections are derived from highly - 
u:urat6^ potentiortieters ^ch produce 
^gonoiAfciric functions of aircraft po^ifio;):. TJie 
;t5htiQrheters ate driven . by ' the position 
:€grator shaffs. To maintain the stable element 
^Hented to the north reference, tprquing 
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^ F'flUfe 6-14.-Aircraft rate torquingjA) Withoirt gyro torquing; (B) with 0^^^ 
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LINEAR MOTlOr^ 



LINEAR MOTION 
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Figure 6-15.— Simple pendulum. 



corrections are alsp applied to rotate the 
platform about the vertical axis to compensate 
for vehicle velocity. 

Schuier Pendulum 

A pendulum is any suspended mass, ffee to 
rotate about at least one axis, and its center of 
gravity is NOT- on the axis of rotation.^ 
Therefore, any pivoted massr that is not perfectly^ 
balanced is, by' definition, a pendulum. The 
inertial platform is a pendulous device and, 
therefore, behaves as all pendulums behave.They 
align to the dynamic vertical when at rest, with 
the pivot axis and the center of gravity both in 
' line with the gravity vector and with the center 
of gravity on the bottom. Also, they tend to 
break into their natural period of oscillation 
whenever the aircraft is accelerated. 

' Pendulous oscillation is periodic angular 
motion having the gravity vector as its midpoint. 
Periodic motion around ' the local vertical 
produces obvious errors from an inertial 
platform since^ misalignment relative to the 
horizontal plane introduces gravity components 
on accelerometer inputs. The system will 




interpret gravity accelerations 
acceleration of the aircraft, 
pendulum is a specially cpnstr 
that does not possess the un^ 
motions of non-Sckuler pendulums. It is a 
special case of both the i simple and the 
compound penqulums, which is illustrated in the 
following discussion on simple and compound 
pendulums. 

SIMPLE - PENDULUM. ^The simple 
pendulum^conSists of a small body suspended by 
a weightle^Ss string. The motion of the simple 
pejndulum is ^oth periodic and oscillatory, 
period of the' simple pendulum is given by the 
mathematical formula: 



where 




T '= time of one oscillation in seconds 
L = length of the string 
* g = local^gravityj 

The above formula shows that the peripd of 
a simple pendulum is proportioVial to the square 
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root of the length of the suspending, string. The 
longer the string, the longer the period. 

A property of the simple pendulum that is ^ 
, very useful in the constructiaiv of an inertial 
stable element is shown in figure 6-1 5., Two 
pendulums are suspended by strings of different 
lengths, and the point of suspension of each is 
adcelerated ho'rizotltally by .equal forces. The 
inertia of the "bob" resists' the change in its 
state of motion, causing the **bob'\to I'dg behind 
th6 poijit of suspension. This action produces an 
angular motion of the pendulum with respect to 
the local gravity vector. Figure 6-1 5 shows that 
the -length of pendulum^ (B) is longer than 
pendulum (/U, and that. Uie angular motion of 
pendulum (Bj is less thai(^pendulum (A), for a 
corresponding linear motion of the suspension 
point. Therefore, the longer the suspiending 
stringj the' less t^e angular motion of the 
pendulum for a given linear motion of the 
suspension point.. 

; Now, consider what would happen .if 'the 
suspeiriding string were long -enough to maintain 
the **bob" at tlie center of the earth and the 
suspension point were transported horizontally ' 
along the^earth's surface (fig. 6-1 4('B)). Since the ; 



"bob" is hypothetically at the center of the 
earth, which ^is also the seat of the earth's gravity 
field, m acceleration of the^poinj of suspension 
alon^ the ^arth's^ surface would trierely realign 
the syspendixig string with the new local gravity 
vector;' Ttferefor^, the angular motion of the 
pendulum with respect to the gravity vector for 
any horizontal acceleration of the suspension 
point is zero. This particylar i^endulum is called 
the "Schuler pendulum," which is iUustrat«d in 
figure 6-14(B). It gets its name from the German 
engineer, Maximillian Schuler, who solved the 
problem of oscillating shipboard gyrocompass&s 
in the early igOO's. Of course, Schuler could not 
use the simple pendulum itself to solve this 
pscillating problem, for that > is ' obviously 
impossible. He used the principle of the simple 
pendulu.m to construct a pendulum that jeacted 
like a simple pendulum' whose length was equal 
to the radius of the earth, Avhich is 
approximately 3,440 nautical riiiles long and has 
a period of oscillation of about 84.4 minutes. 
Since the periojd'of oscillation of a pendulun\is 
prpportional to the square roo.t of its. length, any 
pendulum constructed to oscillate with a period 
of 84.4 minutes would have an equivalent length 
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figure 6-1 6. -Compound pendulum. 
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of approximately 3,440 nautical ini)es. Such a 
pendulum is the Schuler pendulum,' which is a ' 
^special case of the compound or "physical'' 
pendulum. Figure ^1 6 illustrates three examples 
of compound pendulums, 

COMPOUND PENDULUM.--In figure 
6-1 6(A), the pivot point is farthest away from 
the center of gravity, which i§ represented by 
distance d; in (B), the pivot poiift is closer to the 

' center of gravity than in (A), but farfher away; , 
than the one .shown in (C) which is pivoted at ; 
the center of gravity. 

The pivot point of each pendulum shown in 
figure 6-16 is given the same acceleration; 
therefore, each pendulum possesses the same 
linear motion at' its pivot point. Yet, each 
pendulum has a different angular motion. Note 
that, as distance d decreases, the angular motion: 

; of the pendulum with respect to the local , 
vertical (gravity, vector) decreases and distance L 
increases. tMstanqe L, is the distance from pivot 
point P to thk center of oscillatipn, point O. 
Note also, that fa s th^ .pivot point aH,<l thQ cfenter 
of gravity come closer together, the equivalents^ 
length L of , the pendulum becomes longer, 
figure ,6-1 6("C) shows the pendulum pivoted at 
the center of gravity, in >vhich case there is no 
angular motion of the pendulum and the 
equivalent length L is infinite. Therefore, it is 
not a pendulum; it is a perfectly balanced mass 
which has an infinite period of oscillation. Thus, 
if it is possible ^ to constrijct a pendulum of 
infinite equivaleht length and period, it is also 
ppssible to Construct ^ne that has an equivalent 
length of 3,440 nautical miles. Such a pendulum 
would be pivoted at some distance d from the 
center of gravity which would be a distance 
greater than the one in figure' 6-1 6(C), but .less 
than the one in (B). When it is pivoted at a point 
where the period of oscillation is found to be 
84.4 minutes, -the equivalent length >vill be 
approximately 3,440 nautical miles long-hence, 
a Schuler pendiilum. </ 

The stable element is essentially a Schuler 
pendulum; however, it is hot entirely 
mechanized by mechanical. means, as was shown 
in the foregoing discussion on Schuler 
pendulums, for the earth's radius varies with- 
latitude; The earth^s radius is greater at the 
equiator than it is at the.poles. For this reason 




Figure ^17.-Frame of reference. 



the stable "element utilizes^ what is known as 
SCHULER TUNING. Schuler tuning is a process 
of torquing the platform to ^a position normal to 
the gravity vector by signals received from a 
computing loop as the stable elemojit is 
transported over the earth. Schuler tuning, is 
discussed in more detail later in this chapter. 

Frame of Reference 

The frame of reference about which the 
inertial navigation system measures acceleration, 
to define the instantaneous positioft of the 
aircraft, is the conventional' latitude-longitude 
.coordinate system (fig. 6-17). The. local vertical, 
I established and maintained by the inertial 
, navigation system, is the gravity vertical and is 
coincident with the geographic vertical. The 
inertial navigation system is oriented to the true 
north reference by ^sensing the motion of the 
earth rotating on the polar axis. The frame of 
reference defined is horizontally aligned in a 
plane parallel ta the surface of the fearth- and 
oriented to true north, , 

ESTABLISHING ffTHE REFEREf^CE.-It 
may be seen from figures 6-10 and 6-17 that, by 
establishing the frame of reference,/ three 
perpendicular axes of the stable element ^will be 
aligned automatically to the horizontal 
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coordinate's - of the^ latitude-longitude 
hayigatjonal system; that is, the stable element Z 
axis is 'aliped with the local vertical, the Y axis 
. ^ is aligned north-south and, therefore, coincident 
* wit^ lines of longitude, and the X axis is aligned 
e^st-west coincident with lines of latitude. In all , 
: ^ calculations,, X axi^ is positivd east, V axis is \ 
. jpositive north, ancj^-^Z axis isj^ositive a>yay from , 
the center of the eairlh. \. * , i 

A pair of two^iegrei^-bf-freedbm gyrescopes 
is used to establish and maintain- the stable, 
element to . the frame of: reftrbnce,.»^n||^ . 
^ two-degfeerofrfreedpm gyr6seope h^s . ^^wo;> 
^^sensitive .axes^it is necessary, that twb %uch 
; gyroscopes (fig. 6-10) be , used, with ' the, ; 
^ jeduod^nt upper gyroscope Z axis, not' utilized, i 
They are physically moUnted, on.lhe stable 
element, sp that their spin axes are exactly 
^ perpesndicular in the horizontal plane' \Vith this 
. arrangement, alignment of the upper gyroscope ' 
spin axi^ north-south will automatically align the * 
lower gyroscope spin axis east-wdst. 

The stable element cqntainirig ^ the 
gyroscopes is supported by the ^latfori^i gimbal - 
. system, which is *a series of interlocking rings 
; that isolate the stable element, from aircraft 
motion and disturbing forces. TftiW, the 
gyroscopes control the stable element. However, 
if a free gyroscope is initially oriented so the 
spin axis aligns east-west in "a horizontal plane,, 
the gyro will precessMn respect to the earth's 
siirface due to the earth's rotation about its 
polar axis. In order to maintain an earth 
. reference, the gyro must be torqued opposite . 
and equal to the apparent precession. The upper . 
•(XZ2) and jower (YZi) gyros are^affectod. by ' 
the earth's rotation. Corrections for earth 
• rot^ti<jn are applied to the Y and Zi torquing 
coils (Zi and Z2, are caged together and both 
will respond accordingly). The X tofqtiing coil is 
not used for earth rate corrections. 

To establish an 'earth fr^rhei of reference, the 
gyroscopes are controlled by . continuously^ 
computed signals that introduce fortes (torque) ^ 
to cause their spin axes to precessmihe desired 
direction. This torque is in the form of direct • 
current signals applied to ^ torquing coils 
mounted on the gyro float assembly, A^m^gnetic 
field is created which aids or opposi?S'. the 
magnetic fields of the permanent magnets 
mounted on the end bells which effectively 



* torque the gyro and cause the spin axis to 
precess to the desired orientation. 

' The fifs,t;^tep ' in establishing a frkme 'of 
reference is ,1^ level' the stable element by' 
aligning it to the local vertical (gravity vector). 
This is accomplished l;y torqiiing the XZjJ and 
.;YZ2 gyros to riiove the stable element -untiLthe 
X and Y accelero meters cease to. sense any 
acceleration^ caused ' by gravity; that is, the 
outpiits frort the acc^lerometers provide the 
torquing signals for the gyros. During this time, 
and at all times while.operating, computed earth 
rkte torqtyng signals, (coy and coz) are 
^^contiriuousl^rappUed to the Y and Z axes' 
•forquing coils-of the lower gyro. The magnitude 
of these earth rate torquing signals is resolved by 
computin^v *the vertical and horizontal 
components of earth rate as a function of 
latitude. . ' , 

As previously shown, ■ the upiper X axis gyro 
is riot "affected' by the rotation of the earth 
arid, therefore,- no compensating earth rate 
torquing signal is applied tp this gyVo. After the 
stable element is established at' a rough leve^ 
position, the X axis torquing signal, consisting of 
earth rate acceleration only (which is a measure*' 
of stable, element unlevelness), is used to drive 
the stable element in azimuth to null, this signal 
(fine alighmejit). At that time, the^ gyro's spin 
axis i? aligned to tJue north and the frame of 
reference has been established. This alignment 
condition will remain Until tfte intertial 
navigation -system is manually sequenced to the 
navigate position, / 

MAINTAINING TH^,' HORIZONTAL 
REFERENCE,^When the aircraft remains . 
stationary or' moves at a constant velocity, the 
accelerometer outputs are zero; but if ithe 
aircraft attitude changes while maintaining a 
constant speed, the accelerpmeters on an' 
unstabilized platform sense an acceleration (Jue 
to gravity. Sjjjice the accelero meters cannot 
distinguish gravitational accelerations from 
horizontal accelerations, the integrators develop 
a fictitious velocity with a corresppnding 
distance error. It is essential, therefore, that the 
accelerofnetefs: be held in a truly horizontal 
refe^ence^ plane that is always independent of 
the aircraft attitude. ' 
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This is a fundam^tal requirement of fhe 
inertial Viavigation system, and the accuracy with 
which the horizontal reference is maintained will- 
determine the' overall performance capabilities 
of the system. A gyro stabilized platform 
mounted in a gimbal structure seryes as a inertial 
reference and, in addition, accurately defines 
directional reference for the coor^dinate system. 

With the platform installed in the aircraft 
and aligned along the Y axis, it will remain level 
regardless of aircraft attitude. The instant the 
aircraft begins to change attitude, for example in 
pitch '(fig. 6-18), the platform gyro senses this 
angular movement and begins to precess at a rate 
proportional to the pitching rate. A pickoff coil 
o» the gyro axis senses this movement, thus 
changing it to a voltage, which is amplified and 
fed into the pitch gimbal servo drive motor. The 
motor rotates the stable element exactly equal 
and opposite to the aircraft angular motion. As a 
result,, it continuously precesses the gyro to its 
neutral or level position, thus rriaintaining its 
. output. signal at null. 

Regardless of 'any new pitch attitude the 
aircraft assumes, the. gyro will keep the stable 
element level, since this is the only position 
which allows its output signal to be at null. In 
actual practice, the stable eleipent is maintained 
level ^nd is also aligned in azimuth by a similar 
method in yaw and roll. This is necessary so that 
the sensitive axis of the north-south 
accelerometer is aligned true north-soutl^ and 
the east-west accelerometer is aligned true 
east-west. The stable element is then accurately 
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Figure 6-18.— Gyro mamtaining inertial. platform level. 



aligned to the three coordinates: north (Y axis), 
easb (X axis), and up or true vertical (Z axis). 
This arrangement allows the accelerometers to 
accuratey detect aircrilft motioij. ^ 

. MAINTAINING THE VERTICAL 
REFERpNCE.— The stable element^ must remain 
perfectly level or the accelerorrteter^.will sense a 
false acceleration due to a component of the 
earth's gravity. Sinte tfte gyros try to maintain 
thSir inertial pASition in space and not with 
respect to the local j^rtical, this .causes Jhe 
-stable element to drift off level as the airtraft 
moves over the curvature of the earth:(fig. 6-14)- 
This ^Situation would allow a buildup of very 
large errors in velocity and distance. This 
condition j^evelops whether or not the aircraft is 
moying over the earth's surface, because the 
earth's rotation alone will develop the samei^ype 
of errors. . 

The stable element must always be 
perpendicular to the local veftical or, in other 
words, the gyros must be caused to precess in 
such a manner as to maintain the stable elen^ejrjt 
level, as the aircraft moves, with respect to /the 
center of the earth. In this way the sensitive axes 
of the accelerometers are main^^iined horizontal 
to the earth at* all times and respond only^tp the 
horizontal cornponent of acceleration. 

MAINTAINING THE FRAME OF 
REFERENCE.— Accuracy in maintaining the 
stable element to the frame of referente 
determines the overall performance capabilities 
of the system. Gyro torquing rate signals ^re 
continuously computed to maintain the frame 
of reference. After alignment, the inertial 
navigation system is manually sequenced to its 
operating condition (navigate); and if the 
aircraft were to remain stationary, the gyro 
torquing rate signals would consist of earth rate 
only. However, as the aircraft moved over the 
curvature of the earth, the stable element earth 
referenqe would be lost as the gyros precessed 
due to vehicle movement, as shown in figures 
6-13 and^ 6-14. Therefore, additional gyro 
torquing signals are 'continuously campinted 
within the inertial navigation system "to 
compensate for the vehicle's movement. They 
are aircraft ratp torquing signals and depend on 
thfe velocity of the aircraft in respect to the 
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frame of reference; that -is, cast-west 'velocity 
and north-south velocity. The angular rate (co) is 
dirfectly proportion^ to the velocity of the 
aircraft along the periphery of the earth. 
Aircraft rate torquing is applied^ to both gyros so 
that they will precess about all three axes (X, Y, 
Z) to continuously maintain the frame of 
reference. 

Deriving Velocity and Distance 

( 

' The inertial navigation system is capable of 
accurately detecting acceleration of the aircraft, 
and with the use of precision integratprs, 
determine aircraft velocity and measure distanc'e 
traveled. Accelerations are measured in un^ts of 
ft/sec2 by the accelerometers;. but-^otff^u^log 
computation, the accelerations are devete^d in 
volts per g of accelerating fbrce. The velocity 
integrator integrates ih^. accelerating forge to 
ob't^'in velocity; tl^^ist'ance integrator 
integrates velocity to ^tain ; the distance 
traveled. ^ 

There are two velocity integrators in the 
system to obtain Vx and Vy along the two 
horizontal axes and two distan.ce integrators to 
obtain distance traveled along the two 
horizontal axes. In addition, some inertial 
navigation systems employ one bther velocity 
integrator to obtain Vz along the vertical axis. 

Acceterometer Output Corrections 

The arrangement of the accelerometers with 
their sensitive axes horizontal and perpendicular 
to one another is perfectly suited to navigation 
over a stationary plane or oyer flat terrain 
moving at uniform speed in a straight line. The 
earth, however, is a rotating sphere and, insofar 
as the inertial platform is concerned, only points 
along the equator can be considered to possess 
uniform linegr motion. Aere, and only here, the 
accelerometer signals can be translated directly 
into position information. Since very'vew flights 
are carried out exactly along t^ie equator, it is 
necessary to provide an automatic device that 
will alter the accelerometer signals so that the 
system - reports meaningful informatiori. The 
corrective device is purely electrical. All or part 
of the circuitry is active whenever a velocity 
signal voltage is present anywhere north or south 
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of the equator. Tliese circuits utilize the velocity 
signals, modified according to the latitude of the 
aircraft position, to insert artificial acceleration 
signals to ^hose already in the accelerometer 
output circuits. , ^ 

The circuits are divided logically-some are 
devoted to centripetal effect, some to (^'oriolis. 
It should -be noted, however, that the 
corrections are complementary. 

Although it is convenient to assign a separate 
purpose to the circuits, as in the following 
discussions, the functions overlap, and it is not 
entirely accurate to consider them separately. 

CENTRIPETAL CO R %FC - 
TION. -Centripetal correction differs*iF^m that 
of the Coriolis correction in ttttilt it has 
no relationship to earth dynamics. If trre earth 
were stationary, it would still be .necessary to 
insert centripetal correction voltages ' to the 
accelerometer signals to' obtain an acourate'plot 
of any course that does not exactly coincide 
with one Of the earth's coordinate great circle 
routes; that is, an exact po^r or an exaqt 
equatorial orbit. On a ^eat circle route, a route 
that ultimately circles earth center, every linear 
acceleration, initiates motion; but unless the 
route is due north-south or directly along the 
equator, the system is incapable of plotting it 
accurately from the **raw" accelerometer signals. 

The orbit resulting from linear acceleration, 
and the logic of applying centripetal corrections 
to obtain an accurate plot of track, can be 
understood if one _ considers any simple 
circumstance involving a single acceleration and 
the inertial reaction. For example, if a perfect 
bowling lane were built completely around the 
earth at the equator, a bowler could 
theoretically stand behind the pins, roll the ball 
in the opposite direction, and (after a few years' 
time) get a perfect strike on the head pin. Bi^t if 
the lane were built on latitude lO'^N, the ball 
would -invariably veer south; and after a few 
thousand yards would fall into the right-hand 
gutter if rolled east or into the left-hand gutter if 
thrown west-in both cases, the south gutter. 
The reason for this phenomenon is evident in 
the consideration of a lane built on a latitude in 
the Arctic only a fevv^yards from the pole. Here 
the curve of the lane is obvious, and it is readily 
apparent ;^t if the ball is accelerated due east it 
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Figure 6-19.— Centripetal 

will in fact follow, in inertial^wjace, a straight 
course that intersects the outsid^utter. If the^^ 
ball is to roll at uniform, speed and remain in the 
alley<^ uniform north acceleration force inust 
be exerted onvthe ball in transit. Note that 'u\ 
* this case the north acceleration is a corrective 
force and does not produce north velocity with 
respect to the alley; 

As illustrated in figure 6-19, a north-south 
accelerometer aboard an aircraft circling the 
pole finds the same phenomenon. In a . 
steep-banked turn, the centrifugal force tends to 
deflect the north-south accelerometer. It blindly 
reports a steady north acceleration, and a 
growing north velocity, is recorded when, in fact 
only east velocity exists. \ 

The fault does no^ lie in the accelero meters 
but in the nonlinearNoattem of the accepted 
geographic coordinate ^system to which the 
platform is slaved. The coincidence of earth axis 
and pole seems to imply earth dynamics in the 
phenomenon, but actually this is not a factor. If 
the coordinate systems were shifted to place the 
pole at New York and" New York were used as 
the focal point of one accelerometer axis of an 
inert ial navigator circling the city, the 
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correction along latitude. ^ . 

♦ ' 

accelerometer sensitive to this axis would report 
acceleration toward it. , 

In a spherical coordinate system, any linear 
vehicle acceleration that initially affects both 
accelerometers will NEVER result \n . the 
vehicle's reaching the pole. The vehicle will 
follow a great circle track that first approaches 
*one of the poles, will fly due east or west for a 
brief period, and will then depart the pole as 
shown in figure 6-20. ^ 

Although the velocity resulting from, any 
given acceleration is initially computed correctly 
. with respect to space, the direction of the speed 
must be constantly altered if the navigational 
system is to accurately report a great circle 
course that crosses both latitude and longitude. 
.On such a course, the aircraft does not turn as it 
does following a ^line of latitude, and 
consequently it does not generate iiniforinly 
false north acceleration signals. The centripetal 
correction circuit does;, however, continue to 
"plant" signals of acceleration toward the 
equator. This has the effect of altering the 
reported speed (the result of velocity along both 
axes); and since no actual acceleration has taken 
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Figure 6-20,— Platform on great circle route. 



place to cause a speed change, it is apparent that 
the centripetal correction, circuit mi^st 
simultaneously plant a positive acceleration in 
one axis if it plants a negative acceleration in the 
other. Therefore, when a portion of the norttt or 
south velocity is, canceled, the system, must add 
a sufficient increment of east or west 
acceleration to allow the reported total speed to 
be unchanged while the reported direction of 
flight is "bent" toward the equator. As shown in 
figure 6-20, after a single north-east acceleration 
has occurred, the north vector becomes 
progressively shorter. Note that the resultant 
speed vector is always of the same magnitude. 

In summation, it can be said that an east or 
west acceleration in either hemisphere contains a 
"hidden" element of acceleration toward the 
equator, and the centripetal correction simply 
acts to reveal this element. If the aircraft 
velocity is anything but due north or south, in 
the northern hemisphere the centripetal 
correction "manufacturers" . a south^lelocity 
component. In the southern hemis^nere, it 
manufactures a north component. 



CORIOLIS CORRECTION,-As mentioned 
previously, the scope of the centripetal 
correction, limited/to transmitting the effect of 
linear acceleration to the resulting track over a 
sphere, makes no allowance for earth dynamics. . 
Since the earth rotates toward the east, all 
points on the surface possess . a constant 
tangential velocity that is maximum along the 
equator and progressively less at higher latitudes. 

Tangential velocity is a linear quantity and 
refers to the speed and direction an object 
would travel in a straight line if freed from the 
earth's gravity. Ah object near the equator 
travels about 1,000 miles per hour in a circular 
path, but if freed from earth's gravity and 
atmosphere, it would travel at that speed in a 
straight line away from the earth (on a tangent 
to the earth). Its tangential velocity is 1,000 
miles per hour. If the object is moved toward 
the north pole, its speed in circular travel will 
decrease as it approaches the pole, and will be. 
zero when placed exactly over the pole. 

Although it is true that the earth has a 
trajectory in space, ,this nriotion is of no 
importance to the inertial navigation system 
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because it is shared by every point on the 
sphere. The only variable involved is the 
variation in the earth's tangential velocity at 
different latitudes. While the accelerometers do 
not automatically make allowance for this 
variation, it must be taken into account. 

The need for such an allowance is 
graphically illustrated in an example in which an 
inertial navigator, totally devoid of any Coriolis 
corrective mechanism, is put aboard a traiiy in 
the northern ' hemisphere,, aligned, and 
transported north. If it is assumed that the train 
is located at a latitude at which the earth's 



tangential velocity is 800 knots east during the 
alignment, it is obvious that the train's eastward 
velocity 'must be constantly reduced as it 
progresses north. This is the same thing as saying 
that an acceleration is occurring. • 

Since the train is constrained by the track, a 
force from the east will be exerted on the wheel 
flanges. This force is sensed by the east-west 
accelerometer as acceleration to the west, and a 
growing west velocity ^is computed. As indicated 
by figure 6-21, an aircraft flying north (^rectly 
along a moving longitude meridian will subject 
the 6ast-west accelerometer to this same force as 
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Figure 6-21. -Coriolis effects. 
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Figure 6-22.— Corioiis and centripetal corrections, 



its course in space is altered to the, left to 
compensate for the decreasing eastward velocity 
of the earth's surface. 

If either vehicle (train or aircraft) travels 
north and stops at a latitude where the earth's 
tangential velocity is 200 knots less than J:he 
tangential velocity at the point of its initial 
alignment, the velocity computer will continue 
to report that the vehicle is traveling west at 2Q0 
knots even through it is perfectly static- 
. The Coriolis correction prevents this 
circumstance from occurring by creating exactly 
enough east acceleration signal to offset the 
continual west acceleration signal generated by 
the east-west accelerometer as it travels jnorth. 
The east and west accelerations cancel, and no 
change in longitude is reported. Of course, ifthe 
.aircraft makes the return trip, the platform 
begins the trip under the delusion that 600 
knots east is zero velocity and, as it travels 
south, the increasing earth tangential velocity 
causes it to constantly report east acceleration. 
In this case, the. Coriolis correction also reverses; 
that is, it manufactures a west acceleration that 
exactly voids the east acceleration. 
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Note that in both the foregoing cases, the 
Coriolis correction has supplied an artificial 
signal of acceleration to the right side of the 
actual track. This is the nature of the Coriolis 
correction, regardless of the direction of. travel 
in the northern hemisphere. When the ^traiik is 
^ue east along a latitude line, as i^ttated^iii, 
^^ure 6-2I, the centripetal correctlCy^^^^ts^H^i 
increment of north acpeleration-^^}j3!TOt<5d py^ 
the aircraft speed; tl\e Coriom;>^ 
accounts for the additional force generated by 
earth rotation. For example, if . the earth*s 
tangential velocity at latitude "L" isassumed.to 
be 700 knots and aircraft speed is 350 knots, it 
is obvious that the total speed is 1 ,050 knots/ 
Centripetal correction offsets the acceleration 
caused by the centrifugal force of a 350-knot 
turn of this radius; Coriolis correction offsets 
the force of a 7Q0-knot turn. In this, case, the 
two corrections are summed. 

If the course is reversed and the plane "flies 
west, the corrections become. ppl>osite in 
polarity —the centripetal signal is s^ill south, but 
Coriolis is north (to the right of the'track)-aixd 
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Figure 6-23. —Simplified Schuler tuned loop, platform 
" level. 
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Figure 6-25.— Schuler tuning— acceleration errors vs 
velocity errors. 



therefore only a part of the larger conection is 
effective. 

'Schuler Tuned Loop 

r ' 

The Schuler tuned loop is a closed loop 
circuit between the accelerometer, velocity 
integrator, and stable element; It is designed to. 
ptevenl*enormqus -velocity and dist^ce errors 
caused by mi^alignment'of tl^ stable element. 
Figure 6-23 illustrates.a simpHfl^d Schuler tuned 
loop with the platfori^ aligned. 

, The output of'^^e ' accelerometer is 
integrated to providoM^^elocity signal. The 
velocity signal is rnuluiSi^d by 1/R, where 'R is 
equal to the earth's radius, .thus deriving an 
angular velocity about the earth's surjfa'ce, V/R. 
This angular velocity- is then used to torque an: 
integrating gyro and cause the platform', to 
precess about the earlh's^urface at the same rate 
that it is being transported over the; surface. 
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Figure 6-24.— Simplified Schuler loop, pla^prm^u^level. " described 



thereby maintaining the platform normal, to the 
local verticaL 

There are two such loops in an inertial 
navigation system, one for the north dnd the 
other for the east: The accelerometer in the 
north loop senses north-south accelerations^, yet 
the gyro in the north loop senses east-west 
angular rates— the vehicle's angular movements 
about the east-west axis. 

By convention, adcelerometers and gy^os are 
named according to the direction of their 
sensitive or input axis, and the inertial or 
Schuler loop takes/ the name of its 
accelerometer. The north loop contains the 
north accelerometer and the east gyro, while the 
east loop contains the east accelerometer and 
the north gyro. 

With the platform initially unlevel, as shown, 
in figure 6-24, . the accelerometer senses a 
component of gravity', g sin 0. This signal is 
integrated, resulting |n the velocity signal V0. 
The velocity signal then causes the, gyro to 
precess in a clockwise direction. When the 
accelerometer is. positioned so as tp sense zero 
gravity; the-velocity output continues to torque 
the platfofrn.in a clockwise diregtion, causing 
the accefetpmeter to now senjie a gravity 
compoijent of the opposite polarity. This signal 
causes the'Velocity signal to decrease to zero ^nd 
then to bi^ild u|>;;in the opposite direction and 
precess the ; pj&tform in a counterclockwise 
direction, ^ osciUation set up by this' 
.mechanization has a period of 84 minutes, equal 
to that of , the Schuler pendulum. Figure 6-25 
sHo^ys the hiiildup an6 decay of acceleration and 
ydbcity errors as a rels^lt of such errors as just 
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'alignment 

As has been said l^efore, inertia! navigation 
depends on integration of acceleration to obtain 
velocity and position. In any integration process, 
the initial conditions must first be known, which 
in this case are velocity and position. The 
accuracy to which the navigation problem is 
solved depends greatly upon the^ccuracy of the 
initial conditions. Therefore, system alignment is 
9f param6unt impottarice.. 

Basically, system alignment consists of 
creating a coincidence between, the platforrrt 
axes and the computer axes. This can be done 
by rotating either qr both systems. There are 
two general metheds of accomplishing this 
condition: (1) The system is slaved to an 
external reference source, or (2) the system may 
have' the 'built-in^ capability to sense 
misalignment and correct itself. ^Of course,^ 
combinations qf both these methods can be, aqd 
often are, used. 

External references take three basic forms: 
terrestrial, celestial, and ihertial. The terrestrial 
system uses surveyed lines, benchmarks, plumb 
bobs, and bubble levels. These methods result in , 
level accuracies of about 10 seconds of arc and 
heading accuracies to 3 minutes of arc. Celestial 
information is usually obtained from star 
trackers and radio sextants with accuracies to 10 
seconds of arc. When an inertial system is used 
as a source, the accuracies are dependent upon 
its initial source arid of course the length of time 
since it was last aligned. Such a method is 
usually used for mobile ' alignment where 
primary sQurces cannot be useid. 

The use of an external reference system 
requires ^transfer devices to transmit the. 
reference information' to the ^ sysjem.' The 
transfer devices 'take the form ^ of optical or 
electromechanical. ' Optical devices include 
theodolites and ^utocollimators ; the 
electromechanical devices are synchro^-resolver 
or digital type. Optical method^are able to 
produce accuracies of a few secona^ of arc, but 
' the electromechanical methods are only good to 
about 30 seconds of arc. ' 

In self alignment, the inertial sensing 
instruments mounted on the platform sense the 
.deviation from the desired position. In ord^r to 
determine the orientation qf a three-axes 



orthogonal (perpendicular) coordinate ;system,4t 
is necessary to have at least two noncollinear 
(not parallel) reference vectors. For self 
alignment, the earth's spin vector and the. inass 
attraction gravity vector ^serve this purpqjj^ The 
self "alignment puts le^ requirements on the 
computer, because the accelerometer outputs do 
not hlave to be resolved .into components of 
gravity and vehicle acceleration. If the 
accelerometers and gyros are^mquoted on the 
same element, then their relative ppsition can be 
fixed and does riot have to be computed. 

Self alignment is often divided into two 
' modes (1) Rough or course ' alignment 
(sometimes called caging), and (2) fine 
alignment. Fine alignment itself is divided into 
two modes, leveling and gyro compassing. 

Rough Alignment 

The purpose of - rough alignment is to 
provide a convenient starting point for the later 
phases of alignment. In most cases, thp gimbals 
are slaved to their own synchro outputs or to 
some external source which has a particular 
orientation with respect to thi vehicle. The 
duration of rough alignment is controlled by a 
timing network and in most cases is 
approximately one-half minute long. 

Fine Alignment (Leveling) 

Fine alignment or leveling is accomplished 
by rotating the platform axes to the computer 
axes. For a locally level system, this is done by 
placing the X and Y accelerometer axes 
mutually perpendicular to the gravit]^rv£ctj)i^ 
Since the accelerometers are mquntedTat right 
jangles, a motion about one axis will cause the 
other to go through an angle v^ith respect to the 
gravity vector. Therefore, by connecting the 
output of an accelerometer in such a way as to 
torque ^bc^t its perpendicular a;ds, it can slew 
itself to^ a null position— whe^e it senses no 
component ^f gravity. As pointed out earlier, 
the device which can be torqued about an axis is 
a. gyro. In this case, the gyro which is torqued is 
the one.^nsitive about the axis perpendicular to 
the accelerometer being leveled; that is, the Y 
(north) gyro torques the X (east) accelerometer 
to level, etc. 
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Figure 6- 26. ^Typical leveling loop. 



The accelerometer will provide^a dc voltage 
tjhat is proportional to the sine of the off level* 
angle. In the leveling mode" this voltage is 
amplified and applied to the gyro whose 
sensitive axis is perpendicular to the sensitive 
axis of the accelerometer. (See fig. 6-26.) In 
other words, the output of the X accelerometer 
is applied to the Y gyro and the output of the Y 
accelerometer is applied tp the X gyro. 



Gyrocompassing 



As previously mentioned, any 'gyro which ^ 
*does not have its spin axis parallel to the earth's 
spin a^cis will ^apparently precess with respect to ^ 
the earth. The rate al; which it precesses is 
proportional to the angle betwee^i its spin axis 
and" the; earth's spin axis. This angle can be 
resolved into two components. Since the gyro 
spin axis lies the level plane previously 
established, one cS^rnponent can be found which 
is in the plane itself. Now it is only necessary to 
find the anglg, between the spin axis and a vector 
in the level ' plane which intersects the earth's 
spin vector. After these two angles Ijave been 
found, it can b,e said .that the exatt position of 
the platform axis is known. ^ 
, It cain be seen that the r^te at which the ^ro 
in qtleitiiDn appears tjqi precess is equal to J2cos X 
sin a where ] 



the gyro. InJ either case, the position of the 
pliatform will be*, known. Figure 6-27 jEio^v^'s'a 
typical he^pding alignment loop* 
' in a north peeking platform, the, i 
■ rotatiqn is utilized to align the platiform to^ 
.north. This is accomplished by using tfhjf |>j^^^c 
of the Y acfelerometer and applying^ti^d^.tf 
tgrquing coils of the Z (azimuth) and^lfif^y^-:^ 
x^Ceast) gyros. i\t tlie. beginning. ::of*::>|$e^^^ 
gyrocompass \ phase (after the 
leveled), the stable 'element is ^(jfqued;^!]^^ 
azimut-h to null out -the residiii^i ^'eastS 
torquing rate. If, at this time, tlfe .stable elemei^' ^ 
is not aligned to true north, i^'^tliit du€5^^ 
•precession of the gyros. The, i{d^^^felem|nt 
deviation from the level position isfs^fid by ^t^e 
Y accelerorrieter because grayify^ f He outp^^ 
of the accelerometer is then us^d^to tbriqtie tns[ 
X gyro until the stable element^js^tr^^ and, af 
the same time, to. torque th^ Z gyfg in azimuth.' 
The process continues until'thq.staDle element is 
aUgned to true north. 

Once the platform is aligned, the system^is 
switched from the alignment phase to fhe 
navigation phase of operation. In the navigation 
phase, the stable element would maintain an 
orientation with reference, to . free space if it • 
were not for • corrections supplied by the 
computer: The computer maintains the stable 
element level with respect to the ^rth and 
oriented to true nocth. If lYot, ' the 
accelerometers sense gravity in addition to 
movement of the aircraff. Coriolis, centripetal, 
and earth rate cdc'f^tions are computed and 
used to hold the stab^;^l^;hient level and aligned 
to trpe north. In t^ykiavigation phase of 
operation, the -prientatlfei , to true' north is 
dependent on i?he original J^gned position .and 
the computed corr?ctit>ns. 



R = the earth's rate of rotation 
X latitude , ' , 

a = the angle the , platform m^es 
with true north ^ 

Now the spin axis" of this: gyro can either be 
torqued tp a place where this term, goes to zero 
(a = 0) or a torquing term can be develop^ed in 
the computer* equal to this and then applied to 
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Figure 6-27.— Typical heading alignment loop. 
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Alignment at Sea « 

The problems that arise in aligning an 
aircraft inertial navigation system at sea are 
much mpre complex than alignment on a fixed 
earth base, even though our inertial reference 
anpther inertial navigation system of very hi? 
."^accuracy, which is avjailable aboard, aircra 
, f carriers. The inertial na^ffition reference system 
' aboard aircraft carriers is the l^ips Aircraft 
Inertial Navigatiort Alignment Console 
(SAISAC) and the Relative Velocity Computer ' 
(RVC). Everv thotigh 'there are outlets on the 
flight deck that make it convenient to pipe the 
ship's inertial navigation reference information 
into the aircraft inertial navigation system, one 
major problem still remains which makes proper 
alignment difficult. The accelerations 
experienced by "the ship's inertial navigation 
accelerometers located below decks and remote 
from the aircraft are not the same accelerations 
experiended by accelerometers in the aircraft's 
inertial navigation system located on the flight 
deck. • - 

. COARSE SEA ALIGNMENT.'-During 
- coarse sea aUgnment, the best available true 
heading is derived from the SAISAC and the 
RVC. Aircraft carrier true heading is suppUed to 
the RVC where, a manually selected -aircraft 
heading angle with respect to the aircraft carrier 
is inserted. The combined signals are then 
^ supplied to the heading computer in the 
aircraft's inertial navigation system, thus 
concluding the coarse sea aUgnment. /> 

^ FINE SEA ALIGNMENT.-During fine sea 
alignment, the accelerometers sense the aircraft 
tiarrier movement in addition to gravity.. Since 
only the gravity comppnent is used in the 
leveUng, the accelerometer output caused by the 
aircraft carrier movement is cancelled by 
continuously computed corrections suppUed by 
the SAISAC and RVC. The accelerometer error 
signals are integrated to supply a velocity. The 
reference velocity supplied by the RVC during 
• sea alignment, which is actual aircraft velocity, is 
subtracted fram the accelerometer derived 
velocity. The difference* corresponds to the 
gravity component sensed by the accelerometer. 
It is amplified and applied to the torquing coils 



of the gyros. The/ gyro pickoff signals are 
.processecj' to cause ihe gimbals to rotate and 
cancel the' pickoff error signals. The stable 
element is torqued until the accelerometers 
indicate a null or level condition. , 

TYPES OF INERTIAL 
NAVIGATION SYSTEMS 

Basically, inertial navigation ''systems can be 
classified under two broad types: pure and 
hybrid. 

The types of pure inertial navigation systems 
are aEnalytic, semianaly^ic, geometric, arid 
strap-down. ^ ^ ^ 

The types of hybrid inertial navigation 
systems are radio inertial,. Doppler inertial, and 
stellar inertial. 

JURE INERTIAL % 
NAVIGATION SYSTEMS 
^> 

Analytic Inertial Navigation System 
• 

The analytic system utilizes a platform with 
a fixed angular reference to some point in 
inertial space. No attempt is made to force the 
accelerometer input axes into a preferred 
alignment with respect to the earth. This 
method does not require gyro'torquing and^as a. 
result, the platform is subjected to errors of gyro 
drift only. ^ > * 

Because the platform remains rigid in space 
and rotates aboutr the earth, the output 
accelerations becomk c^mplex.They essentially 
consist of two majof accelerations— the actual 
acceleration of the vehicle, and the gravitational 
acceleration of the earth. For navigation 
purposes only j the aircraft accelerations are 
required and wanted; therefore, the gra\dtational 
acceleration^- jnust be canceled out. Yet, this 
cancellation is difficult to obtain because the 
earth's gravitational acceleration is not uniform 
and therefore an enormous amount of data must 
be stored in- the computer to effect this 
cancellat(on.i 

/ The significant disadvantages of the analytic 
inertial navigation systern are the result, of 
maintaining 'the acceler9meters referenced to a 
fixed point in inertial space. As the stable 
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element is transported about the earth, the 
accelefo meters are required to sense not only 
aircraft acceleration, but the^mponent of the 
earth's gravitational fid^f^as w The 
a()celero meters required- fo^rthis 'System must 



h^Q a wide dynamic range'Jas J%11 as a high 
^all accuracy. The most sctIdus problem,"" 
/ever, is the cancellation of 1ife< gravitational 
fccelerations. Irregularities in^hOr^^arth's Shape 
^and' mass cause variations in thi^E^ 
field; therefore, the cancell^ion of tHbse 
variations requires a fomplex computer with a 
very-large storage capacity- 



, Semianialy tic Inertia! 
Navigation System 



ie» semianalytic system is the inertial 
'navigation system most commbnly in use today.' 
All naval airaaft that presently use inertial 
, navigation systems use this type either as a pure 
system or in cor^unction with another 
navigiation system as a hybrid syste^. The chief 
advantage of this system is that the platform, 
gimbal structure vis simple, and the computer, 
functions are Easily attained by either analog or 
digital means. 



The s€^analytic system maintains the stable 
e^merit normal to the earth's gravitational 
vector at all times, as was discussed previously in 
this chapter." In this system, the computer 
converts the output accelerations of the"" stable 
element to angular' velocities. These angular 
velocities are then used to torque the platform 
gyros and maintain the^platform normal to t}ie 
earth's gravity vector. [ - . > 
^ To prevent the" platform from preCessinfgoff 
level due to the earth*s rotation about its polar 
axis, the Computer also develops signals equal to 
the angular velocity'' of earth resolved into the 
system axes and applies them to the gyro 
to'rquers, A typical simplified block diagram of a 
semianalytic inertial navigation system is shown 
in figure '6-2'8. ' ' . 

In a semianalytic inertial system, the 
platform is aligned normal to the gravity vector, 
and it may or may not be aligned to true north. 
The output of the north accelero meter is sent to 
an integi;ator where it is summed ^th 
acceleration correction terms to derive a true 
vehicular acceleration over the earth's surface. 
This acceleration signal is then integrated ,with 
respect to time, deriving the north velocity 
component of the vehicles track. Through 
scaling, V the velocity term is converted to an 
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gimbal structure in such a manner, as to remain 
normal to the earth's gravitational field. • 

Figure 6-29 shows the relationship of the 
accelerometers and gyros as the platform moves 
^over the surface of the earth.^hen the platform 
is aligned at the eqUator arid is then moved 
north, the gyros maintain their position in 
inertia! space. The accelerometers remain in a 
plane tangent to the earth's surface at all times.; 

The main advantage of tiiis system is that 
the gyros are not torqued. ThereTore, scaling of « 
the gyros is not critical. ^ 

The major disadvantage^Js econ\>niy. The 
, 'cost of mechanizing th^ystem requires a high 
degree of acuracy in positiohing the latitude ancf 
longitude gimbals. The , semianalytic system 
Requires much less precisiQ}*-to achieve similar 
accuracy. , . 

Strap-Down Inertial 
Navigation Systfem 



• 208.189 
Figure &-29.Tran$port of the geometric system's stable 



element. 



^ ,;g^ngular velocity and integrated to provide a 
%/^osition readout in the form* of latitude^ In 
. addition, the north angular velocity i$ used in 
■ the latitude function, generator to develop 
accelf rom^ter correction terms and a gyro 
torquing si^al for the east gyro. 

The Qutput of; the east acceierometer is 
summed with aceelerometei; correction terms , 
and integrated to provide an east component of 
the vehicle's track. Through scaling, the velocity 
signal is converted to an angular velpcity and is^ 
sent to the latitude function genetator where it 
is. used to develop accelerometen correction 
terms and torquing signals for the north gyro 
and the azimuth gyro. In addltipn, the angular ' 
velocity ^isi integrated to develop a position 
readoi^t.in the form of longitude. 

Geometric Inertial , , ■ 

<^Navigalion System ; . \ 

» ' ' e 

The geometric system utilizes a gyro system 
which, as in tfie -analytic system, is referenced to, 
inertial si)ace in nonrotating \ plane. The 
accelerometers, however, ^re niounted on % 



In . the .strap-dcttvn 3ystem, the gyros and ♦ 
accelerometers are jnounted .directly to the 
'frame of the vehicle. Its principal use is in 
ballistit^ missiles arid -spacecraft. This , type 6f 
system can be mechanized 'for use in^^craft, 
but the present state of technology igfc^s it 
more feasibl^o use one of the other type' 
systems for aircraft use. ^ 

The strap-down system requires complex 
digital computers; an^og computers are not 
accurate "enough for use in this:system. 

The computer jn the strap-down system 
replaces the gimbal structure just as the gimbals 
structure replaced the physical .length of the 
Schuler pendulum. . Figure 6-30u shows " a 
simplified block diagram of a strap-down inertial 
navigation system, . 

In the strap-down system, the gyros provide 
angular /rates which -are then converted tO- 
directional cosines (i.e., space vectors). These 
sigr>als are used to determine the attitude of the 
vehicle with respect to an. inertial frame of 
reference. The ^coordinate; converter utilizing 
rrtputs from K-i-iie accelerometers -and the 
dijrectional . posine converter determine 
accelerations- along the inertial reference axes. 
The position' converter afccepts nnertial 
acceleration aiidi altitude information to develop 
Cartesian coordinates representing the vehicle's 
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position in inertial space. These vectors are then 
sent to the vector solver wjjiere ttifey are'summed 
to provide readouts of lajtitude arid longitude. 
Alignment of the strap-down .^system is 
•accomplished by* supplying' the directional 
cosines, of the vehicle; frame, with respect to a 
desired inertial re ferenccy to the computer. No. 
physical orientation of thW vehicle is required. : 

HYBRID INERTIAL 
' NAVIGATION SYSTENIS / 

; The^ hybrid system : is a combination Qf 
inertial navigation system and some other type 
of navigation system for fhe purpose of updating 
or improving, the acouracy of the inertial 
navigation system. In other words, the purpose 
of the hybrid inertial system is to combine two 
navigation systems in such a manner as to retain 
the good characteristics of both. 

, There are two**types^)f ugdatirig processes 
usedlMn hybrid systems, One type is the damping 
effCjCt wliich cornpates the inertial ground 
wloc^tj^es th4 ground velocities, of some 

^ther !;System. The 'errpr, or difference between 
the t^^;jvelocities, is Used 'to danip put platform 
errors. Tjfee other type is the;:^eseit method. This 
method -i^ores^ the orientation of the'plqtfprm 
and merely resets the position of the veldejty 
shafts pferiodipally. ; ^ 

Radio Inertial ... 

; The radio inertial system is a systeiti* 
employing, an inertial navigation system which is 
updated or damped perioditaHy by a positioning- 
system such' as LORAN;'' l . "^^^ 



Radio and inertial navigation systems have 
complementary characteristics that can be 
integrated to provide performance 
characteristics and capabilities beyond the 
performance of either system. The inertial 
navjga|tion system is used , to carry the jadio 
sx^tem through areas of poor radio reception, 
and the long term errors- of the .inertial 
navigation system are taken out by the radio . 
system in areas where radio reception is good, 

- In a typical radio inertial navigation ^ysteittf' 
LORAN is used tp damp the inertial velocitiesr 
and update the. present position. The LQRAN 
signals used are differentiated position changes 
of' the hyperbolic timefdifference measureiherits. • 
When the LORAN position (^hanges are resojved 
' into velocities, they can be' compared with the 
inertia^ velocities and used for damping. 

poppler Inertial 

. The Doppler inertial is a system employing 
an inertial navigation systeni Which is damped 
by the ground Velocity , signals developed by a 

^ Coupler radar system. In this ,type qf system^ 

' the' use of accurate Woilndspeed information 
from a Doppler radarSysteiti^.is used W^amp the 
inertially derived ground yek>citiesV \; 

. r The Dopplei; . .radar^;.navigj|^^^^ system 
determines groundspo^^; by coniputing the 
a p^ i r e n t f r e 4'u e n.\^^ s h i f t • ^ of refle ct ed 

. ^l%tf^magnetic^diatiQti:t^^^ upon the 

■^AlP^ty^^P.f the'J^^hic^ .type of terrain, 

the 5cc'urac>; jn^^t^^^i order of a ,couple of 
t«Qt «peF siebpnd. ^e<a|yjiatage ,of this source of 

' v^f(Sfc|ty'. i^ tJi^ '- fajJt that 4he error' is not 
' cumulative and; therefore^, it can be used to null 
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Figure^6-31.— Simplified diagrams of hybrid inertia! systems. (A) Doppler Inertial; (B) stellar inertidl. * 



those errors' iri^ the inertial system which are 
cumulate. The velocitfe^^^btained from the 
Doppler radar are referencfei^Vto the vehicle axes. 
These velocities are usii^ily designated heading v 
and drift. In oYder to develop north-south and 
east-west velocity correction terms, the Doppler 
"terms are resolved by the true heading angle of 
the vehicle. These velocities are compared with 
the inertial velocities, and the difference is used 
to damp the Scli^ler oscillations of the system. 

Stellar Inertial .' 

Stelfer Inertial is a- system- employing an 
inertial navigation system and an optical star 



tracker system used to eliniinate the effects of 
gyro -drift on the inertial. platform. In this 
system, stellar observations 3^e used to update . 
' any present position error in the inertial system. 
The requirements'^ for accurate star information 
are as follows: ' . 



1^ An up-to-date star catalogue^ ' 
)2. A reliable time standard. 
3i A-well aligned astrptracker which-can De; 
stabilized from vehicle motion. 



/ The first two requirements^ are relatively 
easy to obtain,^ and the third is the lin;iiting 
factor on the accuracy. Each arc second of 
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telescope misalignment will cause 1.00 feet of ' 
position error; hence, for half-mile accuracy, the 
alignment must be below 30 seconds of arc. In 
practice the astrotracker is directed by signals 
from the Ihertial system to a particular elevation 
angle and relative bearing of a reference star. 
Nejct, a- search pattern is conducted until. the 
astrotracker locates the f)articular body. After 
location, the difference in directed and actua]^ , 
elevation and relative bearing is computed; this^ 
in turn, Is used to update present ppsition.^ 

* Figure , 6-31 shows a simplified block 
diagram of a Doppler iActtial system and a 
stelkr inertial systemTr 

Note that in the Doppler inertial system the 
output of ,the Doppler radar is a velocity 
function which is supplied to the second 
integrator of the inertial system, thus producing 



a diistance traveled when integrated. The steller. 
inertial system receives position information 
from the astrotracker which is supplied directly 
to the position indioj^or. 

FUNDAMENTALS SUMMARY 

The combination of accelerometers jfnd 
gyros mounted "On a stable element, which is 
continuously held level with respect to the earth 
atid continuously holds alignment in azimuth to 
a true north orientation (or a known position 
with^ respect to true north) regardless of aircraft 
attitude, provides the basic fundamentals from 
which the inertial havigation system derives all 
navigation computations. The computer receives 
accelerometer outputs, and velocity is computed 
by integration. Velocity is then integrated to 
compute distance. » * 
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' CHAPTER 7 



AUTOMATIC FLIGHT CONTROL SYSTEM 



The first electronic automatic flight control 
systeni (AFCS) to be installed in naval aircraft 
was the Eclipse-Pioneer P-1 automatic pilot. The 
P-1 was a closely integrated system which was 
ideally suited to the requirements of the then 
current aircraft. It served the dual purpose of 
providing direction and attitude indications to 
the pilot: as well;* as stabilization signals for 
autopilot control. 

While highly satisfactory operation was 
obtained in the earlier aircraft, tests indicated 
that the system did not provide adequate 
control, nor did it provide all of the desirable 
features needed for later aircraft. Hence, 
development of the Eclipse-Pioneer P-3, the 
General Elett'ric G-3, and the Spcrry S-5 was 
undertaken? 

" During the period of transition from the P-1 
autopilot to the P-3, G-3, and S-5, considerable ^ 
changes developed in naval aircraft. The jet 
engine produced greater speed ranges and higher 
control forces, which required the installation of 
boost or full power surface control systems. 
Also, many aerodynamic and control system 
changes were made to obtain the specifled 
performance characteristics. In many cases these 
, changes necessitated corresponding changes in 
automatic flight control systems (AFCS). 

It is suggested that you review the 
information in the AFCS chapter of AH J & 2, 
NAVEDTRA 10348 (Scries). The chapter 
discusses the aerodynamic theory of fixed- and 
' rotary-^ing aircraft, as well as the operation of , 
, an autonlatic flight cor^tol ^system in a typical^ 
' Navy fixed-wing aircraft. The chapter also 
"'discusses automatic stabilization ' equipment 
found in a typical Navy helicopter, 

N^It is beyond the scope of this training 
manual to discuss all types of automatic fliglit^ 
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control systems; However, with a knowledge of 
the basic functions of the autopilot and some of 
the newer developments, this chapter^ will 
familiarize the AE with the operation and 
function of the newer types. A typical system, 
the AN/ASW-16 which is used in the A-6A 
aircraft, has been selected for discussion in this 
manual. To provide the AE with an 
understanding of the overall operation and 
relationship of the AFCS and other aircraft 
systems, the modes of operation are discussed 
first; and second, a functional description of the 
system components is given. The remaining 
portion of the chapter is devoted to a discussion 
of the theory of operation. 

MODES OF OPERATION 

The Automatic Flight Control System ^ 
AN/ASW-16 is an electromechanical 
error-sensing, coupling, shaping, and amplifying 
system. In general, it .consists of three main 
control loops that correspond to the aircraft 
control axes-rudder (yaw), flaperon (roll), and 
stabilizer (pitch). The system provides three-axis 
stability augmentation, attitude control, and 
automatic flightpath control of the aircraft. The' 
system car), be operated in any one of the 
following s(5ven modes: 

1 . Stability augmentation. 

2. Attitude hold. 

3. Altitude hold, 

4. Mach hold. 

5. Return to level. 

6. •'TPQ-10 (radio receiver ground control 
steering). V 

7. Command-(in eluding roll- and 
Kjcommands from the ballistic computer set or 
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automatic landing system (ALS) data link 
inputs). 

Each of these modes is manually selectable 
by the pilot if the AFCS interlocks are satisfied. 

The ALS data link, TPQ-10, and command 
jnodes are not presently implemented in the 
aircraft. However, the system does contain the 
necessary circuitry to be used with ALS 
equipment when it is installed. The overall 
relationship between the AFCS and the other 
aircraft systems is illustrated in figure 7-1. A 
brief discussion of each pf tlie operating modes 
is presented in the following paragraphs. 

STABILITY AUGMENTATION MODE 

The stability augmentation mode performs 
four specific functions-pitch, roll, and yaw 
damping, and turn coordination. The three-axis 
damper automatically reduces aircraft motion in 
each axis by positioning the stabilizer, flaperon, 
and rudder in proportion to aircraft pitch rate, 
rpll rate, and yaw rate, respectively. Signals from 
rate gyroscopes are' used to command control 
surface positions through electrohydraulic 
actuators. Stability augmentation also positions 
the rudder, through the rudder actuator, in 
response to aircraft side acceleration, 

ATTITLOE HOLD MODE ^ 

: Tlie attitude hold mode is the basic, 
handsoff mode of operation. While operating in- 
this mode, the pilot may, if he desires, initiate 
roll and pitch maneuvers using the aircraft 
control stick. (This operation is actually a 
submode.of operation Within the major mode 
and is described later.) Three-axis damping is 
al^ provided while operating in the attitude 
hold mode. * 

The rudder (yaw) axis is controlled in this 
mode in the same manner as it is in the stability 
augmentation mode. 

Tlie stabilizer (pitch) axis maintains the 
reference pitch attitude and furnishes 
continuous automatic pitch trim. Pitch attitucle 
hold is accomplished by commanding stabilizer 
position proportional to pitch attitude (rate and 
displacement) from, an^ established reference 
attitude. The rate signal is derived from piteh 



rate gyro, and the displacement. signal is received 
from the inertial navigation system (INS), These 
signals position the stabilizer through the 
stabilizer electrohydraulic actuator. Automatic 
pitch trim is- accomplished by repositioning the 
cockpit control column and linkage to establish 
the trimmed stabilizer position. The AFCS 
senses sustained electrically hejd surface position 
and repositions the control colunrn and linkage 
through the electromechanical trim actuator, 
thereby eliminating the requirement for 
sustained electrical input. 

In the operation of the flaperon (roll) 
axis, there are two possible configurations under 
control of the AFCS-roll attitude hold and 
heading hold. Roll attitude hold is accomplished 
in the same way as pitch attitude hold, with the 
flaperon being positioned as a function of roll 
rate gyro and INS* roll attitude error 
information. In order for the AFCS to assume 
the roll attitude hold configuration, the aircraft 
bank angle must be greater than 5° when the 
attitude hold mode is selected. If the bank angle 
is less than 5° when this moc)e is selected, the 
aircraft is automatically leveled and the heading 
hold n^ode is engaged* The reference heading is 
maintained by commanding bank angle as a 
function of heading error. The heading error 
signal is derived from the aircraft's inertial 
navigatioh system. The actuator positions the 
flaperon through linkage and through the 
flaperon power actuators. 

With the AFCS. in the attitude hold mode, 
the pilot can initiate roll and pitch maneuvers 
using the aircraft control stick. Force-sensitive 
disconnect switches within the control stick 
cause the AFCS to revert to the stability 
augmentation mode when control stick force is 
applied. The attitude hold mode is automatically 
reengaged when the aircraft maneuver is 
completed. 

When the stick is moved laterally 
out-of-detent, the roll damper signal is removed 
from the AFCS. The roll rate signals are 
removed by an easy engage circuit within the 
AFCS for the duration of the laterally appHed 
force. Removal of the roll damper signal 
eliminates damper resistance to the i'ommand 
roll rate. When the stick is returned to lateral 
detent* the roll damper signal is reapplied 
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smoothly to the desired level through the AFCS 
easy engage circuit. 



4. Engage pitch attitude hol^when pitch 
angle is between 3^ and 7° nose up. 



ALTITUDE HOLD MODE 

Automatic barometric a4titude hold is 
accomplished by commanding pitch attitude 
proportional to displacement and rate^deviations 
from the reference altitude^. Jn addition, 
sustained altitude errors are cQtrected by 
integration of the displacement ^rfor. . 
displacement signal (derived from a dutched 
synchro in the aircraft air data computer),^ the 
rate , signal (derived through integration of the 
accelerometer transmitter signal— norm^r 
acceleration), and the integrated displacement 
signal are summed and used to command aircraft 
pitch attitude in the sense that reduces ^the 
altitude error. The stabilizer is positioned by the 
electrohydraulic stabilizer actuator. , 

MACH HOLD MODE 

Mach hold is accomplished by commancj^ng 
aircraft pitch attitude that reduces Mach errof^^n 
the same manner as altitude error is reduced Un 
the altitude hold mode. The dis 
is derived from a clutched ref€^l 
the air data computer. Sustaine 
corrected by integration 
.error- and vertical path 
througk integration of the 
transmitter signal. ' ' 

' ^. ' . 

• i • 

RETUrtlM tO-LEVEL MOD 

Th^et returnrtb-level m% 
selected by the pilot (or 
commanded byi?.the ballistic 
command mode attitudi 
system inferlock fdwctlops are sitisfied. Manual 
selection of this modeV)f cpntrOl results in the 
following programmed sequc'hce: * ' 

1. Disconnect roll attitude hold, and level 
thi^jaifcuaft in rolL " 
^j^, ' 2. Ertg&ge heading hold when the bank 
'^'khgle is reduced to 5°. ^ 
^ "3. ^ Disconnect pitch attitude", altitude, or 
Mich hold, and lev'el the aircraft in piltch. % 



TPQ-10 MODE 

This mode of operation is manually selected 
by means of the TPQ-10 engage switch on the 
ground controlled bombing system (GCBS) 
control- panel. Steering command signals are' 
generated by the heading computer module of 
" ft navigation computer in response to 

* sigiTalf transmitted from the ground data link 
fransmitter to the aircraft radio receiver. The 
I resulting heading error signal is reduced to zero 
by cojnmanding bank angle as a function of 
heading error (as in heading hold), thus changing 
. the aircraft heading in response to ground 
commands. - ' , . 

^ * 
COMMAND MODE 




nianually 
^atically 
i;(jputer^n the 
'•provided the 



In the .conimanjd mode of operation, fully 
automatic hands-off control of the aircraft is 
achieved by the AFCS in response to 
#progr^mmed ballistic computer set jnpu^C^'S^^ 
ballistic computer provides steerifig OTferiijipUts 
in the form of roll cbrtlmdnds (limited'toiirBOk'^), 
yelocity inputs, ^'"and normal-accelerafion- 
monitored g-cbmman<^ inputs, (Pitch cortirn an d*^ 
nray be inserted ' Nvith the pitch axis in^ tl](e 
attitude, altitude, or Ma.ch\hold configuration,) 
Closed* loop g^f ontrol ac^fiSieved in tl\e^ AFCS 
by comparing the g-c6riirnarid signal ^^hKjiit' 
normal ac^lerometisr transinitter Signal,- T^^^^ 
error signal is integrated and Used, to cofDmand 
stabilizex^jgpsition. In the command -mode, tl}Q^ 
AFC^I^' the additional capability of accepting 
roll-rafl^ from ail airborne data 

'^^^^^^^^^ landing system (ALS) 

FUNCTIONAL OPERATION OF 
SYSTEM COMPONENTS 



^^v/rhe automatic flight contrbl system consists 
W itic air navigation computer,, an automatic 
pilot engaging controller, rate gyrbsj 
positioning transducer, the aircraft control stick, 



lirik. 

bpQTj 




AVIAli^S' ELECTRICIAN'S MATE 1 &C 



SHUmE VALVE 



ELECTROHYDRAULIC 
SERVO VALVE 



SERIES — 
SOLENOID 

PARALLEL 
, SOLENOID 

FLIGHT 

HY|>^iAULIC 

SYSTEM 




208.139 



Stabilizer actuator. 



and cor)^i;pl surface 
n a V i g a tlQ^T CO mpu tcf 



Although the 
major system 



actuators, 
is. the 

component, it is described * last since inputs to. 
the. computer come from many of the other 
system components. By giving a description of 
the other components first, it should* be easier to 
understand the operation of the computer. 



ACTUATORS 

The actuators ir\^ the systexp can be divided 
into three grbups-stabilizerractuator group, 
flaperon actuator group (consMing of flaperon 
actuator and flaperon autopilot actuator), and 
rudder actuator group. Except QAithe autopilot 
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actuator, each of the actuators is a tandem 
arrangement of two double-acting power pistpns 
mounted on a common rod. Each ofi the ' 
abators is discussed under the appropriate 
vi@^ing. 

Ij^ffisef Actuator 

stabilizer actuator (fig. 7-2) controls the 
-^jfitovfenient of the stabilizer in response to 
mechanical commands from the pilot and to 
electrical commands from the AFCS. A valve 
section on the cylinder housing contains two 
tandem power valves (shuttle valves) that meter 
flow from two separate hydraulic systems to "the 
cylinders. The valve section includes the power 
(shuttle,) valves, electrohydraulic servo valve, 
series (mode) and parallel (mode) solenoid 
valves, servo ram, auxiliary lever, and mechanicaU 
input lockout pistons. The. stabilizer actuator" 
operates in • three modes— manual, series, and 
parallel. 

In the maniial mode, the-, pilot's movement 
of the control stick controls. th6^ shuttle valve, 
which ports hydraulic tluid to the actuator 
cylinders. 

Wtien the stabilizer actuator operates in the 
series mode, the se'ries solenoid valve is 
controlled from the automatic pilot engaging 
controller. In the series mode of operation, 
input signals from 'the AFCS may be used' 
independently or summed with the control stick 
movement to position the stabilizer. * ^ • . - 
When the stabilizer actuator operates in the ' 
parallel mode, both the series and parallel mode 
valves are energized. As in the series mode,/ 
electrical signals from the AFCS operate the 
electrohydraulic servo valve, which drives the > 
shuttle througli the servo ram, auxiliary lever, 
and mechanical input lever. Inner loop feedback 
is again accomplished by the position sensor on 
the serv^am sliaft. Since the mechanical input 
point is locked, stabilizer movement produces 
no rnechanical feedback to the valve. The outer 
loop feedback is accomplished electrically by 
means of thef' position sensor. This unit is 
mechanically linked to the.stabilizt^r actuating 
arm to sense motion of the stabilizer. During 
manual and ^ries operation, an electric clutch 
disengages the position sensor and centering 
springs hold its rotor in the null position* When 
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Figure 7'3.— Trim actuator. 



208.140 



the valve input point is fixed, motion of the 
stabilizer actuating arm drives the control 
Unkage, apd the pilot's Control stick follows 
surface position. Full surface authority is 
available in tfiis mode of operation, 

STABILIZER TRIM ACTUATOR.-Two 
modes of trim actuator operation are 
proVided-a high-speed manual mode and 
low-sptn^d AFCS mode. The two-speed actuator 
(fig.. 1^3) consists of two 120-volt, 400-Hz, 
singie-phase ^motors, a motor brake, gearbox, 
and screwjack. A ball-detent slip clutch is also 
induded to prevent excessive actyator loading. 

High speed operation o^ the actuator is 
controlled by the manual trim button located on 
the aircraft cojitrol stick. Low spee'd (Operation is 
controlled by the automatic pitch trim circuitry 
of the AFCS. Jtic motor and gearing associated 
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Figure 7-4.— Position transducer. 



with the automatic circuitry drive the actuator 
at a trim rate that is approximately 
one-twentieth the manual rate. The slower rate 
for automatic trimming is required for stable 
system operation'. 

The actuator output ihoves^e control stick 
through an artificial feel bungee. Adjustable 
stops incorporated in the screwjack sleeve of the 
actuator provide mechanical adjustment. 

The brake assembly, which is an integral part 
of each motojL is released, upon application of 
power to the motor, 

ft 

POSITION. TRANSDUCEk.~The position 
transducer (fig. 7-4)' is a linear transducer that 
transmits stabiliser position to the AFCS when 



the stabilizer actuator is operating in the pa^el 
mode. The transducer contains a linear 
transformer, a mechanical recentering device, an 
electromechanical clutch, a gear trmn, and 'an 
input shaft. The transducer input shaft is 
mechanically linked through adjustable linkage 
to the stabilizer. 

Input shaft rotation fsitransmitted through a 
clutched gear train to the rotor windings of the 
linear transformer. The dc operated clutch and 
the parallel solenoid of the stabiUzer actuator 
are simultaneously energized through the AFCS 
interlo'bk circuitry. The rotor excitation voltage 
(26 volts ac) is centertapped from the air 
navigation computer. Rotation of the 
transformer rotor induces a signal in the stafor 
windings that is proportional to stabilizer 
position. The stator output-signal is fed back to 
the StabiUzer AFGS servo loop. A Centering 
spring within the wansducer returns the rotor to 
the electrical zero position when the clutch is 
.deenergized. Rotation of the input shaft with 
the clutch deenergized ' does not affect 
transducer operation. 

Flaperon Actuator 



Each flaperon Actuator (fig. 7-5) is a taftdem 
arrangement of two double-acting power pi^ons' 
mounted on a common rod. A valve sectipn on 
the cylinder housing contains two tandem power 
valves ^that meter flow from separate hydraulic 
systems to the cylinder. Inputs are introduced at 
the valve shuttle from tbe flaperon gearir|g 
mechanism through -the load relieving bungee 
unit. This actuator . is similar ;in design and 
function to the stabilizer actuator. 

Flaperon Autopilot Actuator ' 

The flaperon autopilot actuator (fig. 7-6) 
controls the movement of the flaperons in 
response to mechanical .commands from the 
pilot and, to electrical commands ffom the 
AFCS. The flap'eron autopilat actuator consists 
of a series mode solenoid Valve, electrohydraulic 
servo valve, actuator pistons and rod, sefies link 
with transducer; and input and output levers. 
The actuator operates in two modes— manual 
and series. ^ , 
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Figure 7-5.-Flaperon actuator. 

to the electrohydraulic seryo valve, the actuator 
cylinder, and the series link. 

Rudder Actuatbr, 

; - The n^^er aptuatod: (fig.' 7*7) is similar in 
. design anrr function to ' the stabilizer and 
flapQroT» actuators. A valve section, on the 
cylinder housing contains^ two tandem power 
valves that, meter flow from/ the separate 
' hydraulip systems to the cylinders. The assembly 
includes a ppwer shuttle^^yalve, electrohydraulic - 
' / servo Valve, series (mode) siolenoid V:3lve. servo 
. ram, and mechanical input and differentiating 
Uvers^. This act'uatpr operates in/ two 
modes— manual'SUid series. 

161 ' . • f 




In' the manual mode, the ^erie^ mode 
solenoid valve is deenergized, and no fluid is 
ported' to any portion of the actuator. The series 
. link cylinder contains two spring-loaded pistons 
that clamp to the series link rod wherihydraulic 
pressure is removed. The 'entire series link then 
becomes a rigid connection between the inpxH 
and output levers. Input motions from the 
control stick are then transferred directly from 
the input lever' tp the ojutput lever through Hie 
series link. The actuator piston rod is free to^le 
in this mode ^and is suRpqrted by bearings to 
minimize friction. , • " . . 

* . ■ • . . " 

''When operating in the series mode, the series 
mode valve is energized from the AFCS cockpit 
controller. This ports hydraulic system pressure 
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^ NVhi^^i operating in the manual mode, the 
V seifes (^tiode) solenoid valve is deeji'ergized and- 

.no fluid^is ported to the servo valve or the servo 
" . ram. Centering springs hojd' the servo ram at' 
* neutfa^Mh^ereb^ ' fixing .^^^^ of the 

auxiliary iink. Rudder-pedal motion is • 
\ introduced through Jhe input iever to the shuttle . 
valve to port hydraulic' fluid' :to the' power 
cylinders. A differentiating lever ^'Sumsr' the 
rudder position with the rudder-pedal .position 
to stop the rudder at the- desired position. 

_ ^ A cam stop arrangement (not shown) limits 
rudder movement to ±4"" displacenjent /"rpm 
. neutral for clean';, flight configuratian^'(wl\eels 
and flaps up). These stops are -.on the actuator 
and act on. a roller on 'the input lever to -the 
shuttle valve. Since^is lever represents the ' 
summing point for the rudder-pedal and the 
AFCS rinputs, the total rudder motion .due to 
bdth rudder-pedW \and AFCS inputs cannqt ^ 
exceed the 4^ limit, . * , . ^ 

. ' When operating in the series ^ mode/ the 
energized serfes solenoid valve ports pressure to 
the electrohydraulic servo valve and to the 
unlpck section of the servo ram. ^Electrical ' 
signals from the AFCS are applied to the coils of t 
thfe torque motor in the seryo valve. Hydraulic 
pressure from the servo valve varies with the 
differential current input: This pressure 'drives . 
^ .^ ^tJie^ servo ram, which is connected; through ; 

i^il^mQdiatQ links to the differentiating lever., 
*y;^h:i^ lever 'sums sei^p-ram inputs with 
^-^h^^^^'l^^^^: inputs, introducing an error signal 
;^y0ihQ shuttle v^lve^ through the input lever.'This 
" displacement ports hydraulic flow fo niove the 
- piston rod, in turn reducing the error to zero* 

tlirough the differentiating feedback link. * > 

' '■ • • , . ^ . ' ■ . 

^ \ A transducer on the centerline of the, servo 
• ram provides servo-rajn-position information t6 ^ 
the AFC^ The series moc^^ authority of the * 
AFCS. as ±4° ot rudder - motion from the \ 
*j{>ilot-g^mra'andea position, ./in the clean 
.configuration, this authority v^is rest^CcJ^d to a 
\ maximum- of 4"" from neutral by theVam' stop'. 

A summary of the electrohydraulic actuator 
operation, tying together actuator and AFCS 
operating njodes, is shown in table 7-1 . y y y 



SENSORS 

The AFCS^ jeceives error or correction 
signals from* the sensors (auxiliary and AFCS) 
for:' flight stabiUzation, ; atti'tude hold, and 
flight-path control. (See fig. 7-8.) 

The AFCS'iSgnal Qpupling channels amplify, 
shape, and mix the ^error and correction signals 
to provide" a proportional deflectipn oifeach of 
the aircraft .control surfaces, the control system,- 
divided into the AFCTS servosystem and the 
aircraft control system, provides the' 
electit)hydraulic and mechanical coupling to 
deflect each control 'surface. The AFCS 
servosystem provides electrohydraulic power: 
amplification of the shaped error and comriiand 
information' for each aircraft control axis. Eacfi 
aircraft 'control system (hydraulic power 
actuator iid control linkages) is proportionally 
driven by the output of the appropriate AFCS 
servosystem "or through linlcages from the pilot's 
manual inputs (stick or rudder pedals). 
. - The AFCS sensors consist of the following 
: components: ; ^ „ ' ' 



1. 

.2. 

4. 
. 5. 



Lateral accelerometer. • . 
Nprmal acceler^meter. 
Roll rdte gyrb. ^ s 

Yaw rate gyro. 

Pitch rate gyro. * o 

In. ad'ditibn to the AFCS sensors, the system 
receives InpuTs from auxiliary sensors, which 
consist of the following; ' ' 



K Ballistic computer set. 

2. Inertial navigation system. 

3. Air data Gompu'ter,. l 

4. CKjund controlled bojmbing 




m. 



Rate Gyj^cbt>e* 

Aircraft 'yaw, pitchy afltf rdll rates are 
detected ^nd measured /dy rate ^ gyroscopes^ 
TTiefee rate data ^e Supplied "to the ^ir navjgafton 
computer for : three-jaxis- dartipiiig. The \ rat^e 
^sensing device for.each of the three axes^onsists 
'of a miniature" rate gyro (fig. 7-9). Roll^e fity.ro 
Bl, pitch gyto B2, and yaw. rate gyr6^3 afe 
physically identical, integral assemblies They 
differ only in respect to calibration, alignment. 
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Table T-l^— Summary of actuator operations^ 



AFCS 


Actuator operation 


A Actuator rnanual inputs 


Mode of operation 




M 1q nprnn 

autopilot 


R 1 1 H H pr 
rviiuuci 

\ 


Stjfl5ilizer >fl Flaperon Rudder 
. . autopilot 


Stability augmentation 


Series 


.Series 


' Series 


I. ^ 
Control stick . Control stick Rudxier 
l > * pedalsj 


Attitude hold 
Altitude hold • 
Mach h^Id 
. Return to level 


Series- 
Series 
Serie^u^ 
*Parali^ 

i 


Series 
Series 


Series 
Series 


The axes revert to AFC5^ ■ 
control on release of * 

tlie contr6.1 stick or by 
controller switching. (None) 


Command 


^ Parallel 


Series 


Series 




I Ground controlled. 
. B(5mbing (TPQ-10) 


Series . . 
Series 


Series 

g Series- 

■f' ■ ■ 


Series 
Series * 





range, sensitivity, and natural frequency. Each 
gyro measures angular rate by the-proportional 
precpssional "torque generated by the r rate of 

movement a^out the gyro input axis. 

Internally, ?ach rate gyro consists of a smalf 
viscous-damped^ sirigle-de;gree-of-freedom gyro 
(stator, Fotor,' and gimbal) with a differential 
transformer ptckoff. The gyroscopic element of 
each gyrods the spherical rotor of a synchronous 
motor. The rotor is rnounfed in a gimbal frartie 
and is spun at high speed about its spin axis. The 
gimbal is flexible and is fre^ to rat ate about an 
output axis which i!^ pefpfeildrcular to'both the' 

^pin -axis 'and the input $xis. The rotational 
freedom about this axis is ^ited by a' torsion 
restoring spring th^t couples the 'gimbal to the 
case. Between the gimbal and case is'a viscous , 
damper. The.gyro gimbal also' carries the picKoff 
rotor on an extension along its output axis. The . 
pickoff senses the relative angular displacement 
of gimbal and case;. - ^ . ' « 

*Tl>e schematic I'epresentation of p'ach ^rate 
gyro Ihi^l]. and B3) i^ shown in;' figure 7-9. 

\TTie ^stator .windyig^ >6f >the. motbr rdcei^ 
i6-volV,.40C^HzV single-phase; excit-ation. SiriTO^ 

' the. gyro "motor is operated from singl.e-phase 
voltage, its leading motor phase is cqnrfett^jd to^^ 

; the excitation suaply through* a 1.0-microfarad 
capacitor (CI, C2, and' C3). The pickoTf primary * 
is ^ excited' with voltage from, the motor 



excitation through choke Ll. This choke 
compensates for pickoff gain changes produced 
by excitation frequency and by temperature 
variations. It also reduces the effect of harmonic 
distortion jn the excitation supply. 

With the pickoff rotor in its zero or neutral 
position, the mutual inductance is zero; a 

' cyrrent flowing m the pickoff primary causes 
essentially no vomge in the secondary (output) 
winding. As the pickoff rotor is turned oqe way 
or the other by gyro, gimbal deflection about its 
output axis (due to tl^e laws of gyfoscQpic 
precession), a proportional mutual- inductanqe 
(positive or- negative, depending, ■ upon the * 
(Jirection of deflection from neutral position) iv 
.introduced. Hencej a voltage proportional to this 
mutual inductance is produced in the pickdfi 
secondary due to a current floNving in its 
primary. The output voltage is proportional to'^ 
the aircraft's angular velocity input lo the gjjro 

y ill t^ particular axis. For calibration, resistor 
Rl ajnd capacitpr C4. are^' connected across ihe 
roll rSte gyj^o output, (resistor^ R2 and capacitor 

. C5 ^afid £onnfiltted similiarly for tl\^ ^pitch rate- 

' gyro,'\rid resistor fe3- and capacitor (C6\for llhe 
y<lw rate gyro). ' • ■ ' ; . : ' 

• ■ . ^^ ,, , ■. r- . 

Accelerometer Trahanitter - 1 . 

Two acceleroifieters are -useti in -the; 
AN/ASW-16 AFC&r-the lateral - and ■ normal 
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AUXILIARY 



I 
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ttq-io hooe 
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mMSMITTU 



INWTIAL 
NAVIGATION 



ntU£ HEADING 
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RtFtRENCE) 



ROLL. ANCLE (AFCS 
ROLL REfERENCK) 



ELEVATION 
ANT.LE {AFCS 
PITCH REFERENCE) 



^tAW tATI 

Gr»0 



..I 



4- 



• TUtN 
CO<>tOtNATtON 



YAW >aT( CYtO 
\- CMANNfl 



I 

I 



KXi >AT{ 
GYtO 



>Ol >aTE CTtO 
Wlff OUT 
CHAN*s<fl 



UATERM PATH 
CMANNfl 



I • ^ 



HCA04NC 

co**mTf» 



T I 



RADAR SET 



R -COMMAND 
TRANSMITTER 



AIR DATA 
COMPUTER 
CLUTCHED 
ALTITUDE 
ERROB SENSOR 



NO* MAX 

ACCElEtOMETEt 



tIMJTIR 
CHANNll 



VE»TlCAi PATH 
OAMPO 
C MANN J 



-rf- 



1 



g COMMAND 
CHANNEl 



t 



•AIR DATA 
COMPL'TER 
CLUTCHED MACH 
ERROR SENSOR 



PITCH COMMAND 
TRANSMITTtR 
(ALS CAPABILm) 



AITITUOE. MACH, 
AND MTCH 
COMMAND 
CMANNd 
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GV»0 



PITCH »AI( GTf»0 
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Figure 7-8.— AFCS simplified schematic diagram. 



accelerometers. The^ lateral • acceleroineter 
generates Ti signal proportional to aircraft lateral 
acceleration and is usedrfor turn coordination, 
The normal accelerometer' generates a signal 
pi^oportional to the normal (vertical) 
acceleration that i^ used for. altitude or Mach 
hold vertical path damping, and also " as the 
g-command reference. The two accelerometers 
are physically the same, and their^operation is 
identfcal. 'Therefore, only the lateral 
accelerometer is discussed. '7 

. The lateral, accelerometer te^ shown in figure 
7-1 0(A). A cutaway view 'pf the lateral 
accelerometer , is ?hown iq figuit 7-10 (B). The 
unit consists of a cast housing assembly, a 



sensitive element assembly, fellows, and 
cahbration resistors (R51, R52, arid R53). The 
sensitive element assembly has an E-pickoff, an 
armature and armature support, flexure springs,, 
and a backplate. The sensitive element assembly 
and bellow^ are sealed inside the housing, which 
is filled with damping fluid. The damping fluid 
provides viscous damping during motion of the 
armature. The laterak accelerometer is calibrated 
by means of nuU shift and range adjustments, 
selected resistors {R52 and R53), and variable 
resistor R51. _ ^ 

,9 . The E-shaped core of the E-pickoff fig. 7-10 
(C)) has' an excitation winding (winding A) and a 
compensation winding (winding B) on the center 
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tfRVOSYSTCM 
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Figure 7-8.7-AFCS simplified schematic diagram-Continued. 



leg, ojici a signal output winding (coils A and B) 
on each of the outer legs. 

Excitation voltage. (120-volt. 400-Hz, 
single-phase) is applied to winding A (in scries 
with resistor R52). The signal output windings 
(coils A and B), differentially connected to yield 
a null output under static (zero g) conditons, 
produce a phase-sensitive output acceleration 
signal. 

, As the aircraft accelerates in the sensitive 
(lateral) direction, the suspended armature tends 
to remain behind due to its inertia, thus varying . 
the reluctance of Hie magnetic circuit set up by 
the E-pickoff windings and armature. The 
armature completes the magnetic circuit through 



a small airgajp. The relative motion between the 
armature and E-pickoff varies the reluctance 
through the signal output windings, which 
results in a signal that is prbportional to 
acceleration. In operation, Jhe output voltage is 
either in phase or 180° out of phase with the 
excitation, depending on - the direction of, 
acceleration. 

AIRCRAFT CONTROL STICK ^ ^ 

Tlie aircraft control stick (fig. 7-1 l(A))j[5 
composed of a handle (pilot grip) ^nd ca^ 
assembly and a transducer housing. The ha^|^ 
and cajble assembly contain the following 
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. (A). 



FLEXURE SPRING 
(ONE OF TWO) 



K D.ri^rtcc ARAAATURE AND RESISTOR RESISTOR R53 

E - PICKOFF AR;^njRE SUPfOfcT . 




SENilTlVE 

NUH^ SHIFT I, / ELEMENT 

ADJUSTMENT COIL ASSEMBLY ASSEMBLY 



VARIABLE RESISTOR 
ADJUSTMENT 



BOnOM COVER 



TERMINAL BOARD 

(B) 



. COILB 



WINDING 



fflNDW« 



COIL A 




LATERAL ^NORMAL 
ACCELERMTEN ACOCLEROMETER 



:R52 



W3 



^ C 



^A 



»E 



^ OUTPUT 



+>0 IHTERLOCK 
l^jrj CONTINUITY 



^A 



A PHASE 

PICKOFF 
.PRIMARY 
EXCITATION 
11SV 400 Hz 

BPMASE 



PICKOFF 
^0 OUTPUT 



CO 



* ■ 



Figure 740.— Lateral accelerometer. 
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TRIM SWITCH 



WEAPON REl^EtSE SWITCH 

ATTACK COMMIT SWITCH 
• Ik 

NOSE WHEEL STEERING SWITCH 
HANDLE AND CABLE^ASSEMBLY 



'TgAiySpatER HOUSING . 

TRANSDUCER SIEEVE 
AND.PLftTE-ASSEMBU 

SECONDARY SPBII^GS 

PRIMARY SPRINGS 

CbfiTROL SHAFT 

RtNG 
FORCE SENSITIVE. 
OISC'CNNECT ' 
SWITCHS2 
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switches/. iVPsewheel .steering, weapon^release, 
trim, , attack commit, uncage boresight, and 
autopilot off. Fipll aifid'. pitch comrol forces* 
ap^pUed by the pilot, are^ transi|8|tedi to the 
aircraft control linkage via tlje trimsducer. The 
stick provides^^e pitch and; roll switcliing for 
control stick stwringk, , * 

The operating' pa^s of the aif craft control 
stick are shown'^rti^ figure ,1-1 1 (B). A spherical . 
bearing at the top af tl^ transducer permits 
mpvirtg the handle in any direction with respect 
to the transducer housing. Moving the' handle in 
one direction ^ causes ^tt shaft to move in the 
opposite dirattjpn.jj^Tlie sliaft is held m;;central 
position by means of foTir*rod-^haped primary 
springs. Beariijjg agliinst the -Mower ejid of* the 
shaft are four j^itth ^ctiSSitors. , ^ ^ 

Moving tt^eJtiaQdle beyWcl .th.9. detent fOince ^ 
position causes *the /sftaft t^ contact a ririg 
holding four se con dtiry" springs. If t)ie applied^ , 
force -is increased furthef, '^^ movement is 
communicated to,, the irajftsducer ^eve and 
thence through^ the transducer Ji'ousing to the 
control column. ^: v ■• ( 

The shaft an^d asiftpiatec^ p|rfts are^^ of :s 
sufficient weight^to coi!inferbal|^ic^lie handle . 
about the spherical bearing, /^ume'that a force 
is applied to the handle for j^chdovK actiQn asS 
shown in figure 7-11 (B). TWshan |P^p^rough 
a switch actuator tp close Sv^ch !S2, there^ 
" provfdmg a pitchdowm pJtCTfodki^ig system 
disconnect signal. Further" moveme'ojt of the 
handle, beyond the lihiiit /of^ tljto^^ 
me^ifaanism, causes movement,, of>T!^^c6htrol 
coluSp. If the pilot pulls the s|j|k .toN^j^ h^ 
switc^(located opposite S2) Jfclqsed'j^proyiding 
a pitdhup interlocking signal. When the fbrce is 
removed fron^the handle, tj^ sljaft f?^j;etu||ed ^ r 
to central position by the sprin^<ct|m. If^the' ' 
pilot forces the harfidle to the le^ ^i^itcli f^^ 
closed for a left-roll interlo'tVsignal. If the. stick 
is moved to the right, a switch is ^osed f6r a 
right-roll interlock signal. r< -l .^^v 

The two pitch disconnect sv^ itches (^1^ 
• pitchup; S2, pitchdown, fig. 7-1 l'(p))^rp both 
singlerpole, double-tlirow switches. SBth no 
force applied to the stick, an opeifcirc^iit exists 
between terminals A ah(l Bi When a force • 
(pitchup or pitchdown) equivalent to or greater 
than 1.1 ± 0.2 pounds is applied to the stick^^^ 
continuity exists betweerl terminals A^^nd^' B/ 



le two roll disconnect switches (S3, roll. Tighjt|:' • 
S4, roTl'left) are similar. With (io forceapplied to 
the stick, an open circuit , exists, between 
terminals C and D. When <i roll force (for toll: * 
right or roll left) equivalent to or greater thartY -^^^^ 
1.1 ± 0.2 pounds is applied to the stick, cqntiriu- / , 
ity exists between terminals C and D. . : ^ 1 
The autopilot off switch (SI 1, fig. 7-1 1 (f^)) -Jt 
is a normally closed, mornentaiy-^breaH-CQivtact-^^^^^ 
puVibutton switch. With the switch in 'the; 
norcnally closed , position, continuity ' eXista » 
between pins A and B, . \ • ^ ' 

;Th^ uncage b^resight switch '(S12), isV^a V 
m o m e rt t a r y ropen-<tontact , normally. : 
pushbutton Switch. \With the switch in ;thfe ' 
normally cloa^ posKion, ;<2ontii^jjty^ew 
between pins C7%d D. \ ' ' : J ■ : ' i4 ^ 

The nosewheei steerifv| switbhv (^r3> is # 
motnentary-Qlo^e*:-contactyi' ^ndrrrfelly ' Open,;; 
pushbutton , swftchi^'^With ttij^ :^switcti^ ir^^ the'^^ 
normally open , pdsitiba, an of)ph' circuit qj^ts 
between pins E and F. V 

The .weapon release ''c switch ^.(Sl^^ iSj a 
push^iitton, mpmentai7-^ld]5e4cptx.taf^t, iTOilrially 
op^n .switch. With thex^Wtch ii^ttefjionnaHy^ \ 
open yositioiy, an o^?n circuitv^xists^^'l^^^ 
itenslf ind j: - ; 

%ie'krij3 switch ^15) is aTd^ w^y^b^ 
type. '^Vith the switcji m the neutral (center) 
position, an*^pen>.cir'^it>e'X^i^^^^ pins L 

qpd K; M, N, ^^P. With the^-tt-fm button 
mowSffor no^eup, tiiffiFtbutton (Jispla^^^^ down), 
(Jteffmiity exists 'feetweeo^K?^^^^^^ ^^^h 
the trim |)pttd1i /mOvjpd for noseaown trim 
(bjj^ton ^placed up), clSntinuity e3dsts between 
pins -L a,lhp6''P; with^'^e l^f-fm button displaced to - 
the left, continuity^^isttlDetwcen pins and N; 
and with^ie ttiijMuttb'n' displaced, to the right, 
(iontihu™^^stH pins L, and K. 

The ^back ^comrgjt switch (S16) is ^a 
two-p6siti6n, double-pole;>dbuble-throw,^ trigger 
switch. W|1^h the switch: in the normllly^ open V , 
pqsition, an ftgen cijpuit exi^|#be^een pins R 
and T and^^U^pl Wfien the trigger is squeezed 
to|^|i first position, continuity exists between 
pin^Tr and;S.. When the trigger is further 

«uee^ed to thop^cond position j continuity also 
ists ^tween pins R and T. 
The AFCS functions of the switches in the 
aircraft, control stick are presented in table 7-2. 
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Table 7-2.-Function of switches m aircraft control stick 



Switch 


Nomenclature 


Purpose 


Settings and functional indications 


Sll 


AUTOPILOT 
OFF 
switch 


Emergency disengage 
switch for ail AFCS 
switches. 


Momentary on switch. (Diagonal striping of yellow 
and black.) Actuation causes all controller switches 
to disengage or move to OFF positions automa- 
tically* 


Sis; 


Trim* switch 


Position 'stabilizer and 
flaperon control sur- 
faces for desired trim. 


Forward, nosedown trim; aft, noseup trim; left„left 
wing down trim; right, right wing down trim. 


82 . ; 


■\ Stick pitchdfewn 
^ deteSt switch 


Disengages pitch axis 
attitude control and 
roll damper for 
manual override stick 

. steering. 

• ^ ■ 


Pilot force (1.1 lb) actuates the switch which cuts out 
AFCS attitude control for th^ duration of applied 
/ stick force. If AUTO/STAB-AUG switch is in AUTO 
mode, and either ALT or MACH switch is engaged, 
only the AUTO swftch will remain engaged upon 
application of stick force. If the command switch is 
engaged, and the ballistic computer operation in 
effect, the command switch remains engaged so 
that biallistic computer set operation is automat- 
ically restored upon release of stick force. If the 
command switch is engaged, and ALS data link 
operation is in effect, the command switch dis- 
engages upon application of stick force and may be 
manually reengaged aftefr release of stick force. 


SI 


. Stick pitchup. 
detent switch. 


Disengages pitch axis 
attitu(je control for 

. manual override 
s^ck steering. 


(See 82.). . 


S3 


Stick roll right 
detent switch. 


J Disengages roll axis 
attitude control 
for manual over- 
■fride stick steering. 


Pilot force (1.1 lb) actuates the switch. The switch • 
cuts out all roll damper attitude control for the 
duration of applied stick force. If the command 
switch is engaged, the switch will remain engaged , 
so that roll command operation is restored upon 
release of stick force. If TPQ-IO ENGAGE switch 
is actuated, it disengages upon application of 
stick force. 


84 


Stick roil left 
'detent switch. 


Disengages roll axis 

attitude ^coi^ol 
. 4nd roll damper , 
. for ndBiual over- 
• ride stick steering. 


(See S3,) • 


V 
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AUTOMATIC PILOT ^ 
ENGAGINQ CONTROLLER ^ 

The automatic pilo^^ngaging <itelntroller, 
located in the co,ckpi^ is a pilot-operated 
switching device thaw^is used to select 
operational modes. (See fig. 7- 12|^he switches 
of the corqponent serve as manually operated 
interlocks in estabhshing the circuitry required 
for system operation in accordance with the 
operational mode selected. The controller 
consists of three solenoid-held toggle switches 
(ON-OFF, CMD, and AUTO/STAB-AUG). two 
sojenoid-held, square pushbutton switches (ALT 
and MACH), and a round, momeatary-on 
pushbutton switch (RETURN TO LEVEL). The 
edge-lighted panel incorporates seven inbedded 
•panel lamps. 

The ON-OFF switch.' (S26) is a magnetic 
hold -in toggle switch. This switch, used to 
engage interlock circuitry and to apply 28-volt 
dc interlock voltage to the AFCS, has an ON and 
an OFF position. With the switch in OFF 
position, ' continuity exists between A and "F; 
with the switch' in ON position, continCiity exists 
between A and E. With power applied, the 
28-volt dc power is applied to pin and routed 
to pin E when the switch is moved from OFF to 
the ON position. In normal system operation, 
this voltage is applied , to external interlock 
circuitry. The switch is magiletically held in the 
ON position, and returns to OFF only when 
voltage is removed; or when the switch -holding 
solenoid is manually :5!verridden. 

The AUTO/STAB-AU^ switch. <S25) is a 
magnetic hold-in toggle switch. fSThis'switch, used 
to engage the attitude ho^^odV contains ah 
AUTO and a STAB-AUG positiSL/^^ 
switch in STAB- AUG (disengag^ 'position, 
continuity exfsts bet>yeen fi^and J. With the 
, switch i^ AUTO position^^ytontinuity exists 
between^ and H, . With oower applied^ the 
28-volt dc on pin b is routed^ to pin H when'Jthe 
switch is Tltoved from STAB-AUG position to 
AUTO position . The switch is magnetically jield 
in the AUTO . position and returns to 
STAB-AUG only when voltage is removed or 
when' the switch-Jholding, solenoid is manually 
overriden. 

The CMD (command) switch (S21) is a 
majgpetic hold-in toggle switch. This switch, used 



to engage the command mode, contains an ON 
^d ah OFF*position. With the switch in OFF. 
Dsition, continuity exists^etween S and U; 
?ith the switch in ON position, continuity exists 
between S and T. With power applied the 
28-volt dc on pin S is, routed to pin T when the 
switch is moved from the OFF to ON position. 
In normal system operation, 28-volts dc is 
applied to pin d through the external interlock 
circuitry. TRe switch is magnetically held in thej^ 
ON position and returns to OFF only when 
voltage is removed from pin d or when the 
switch-holding sylenqid is manually overridden.- 

The ALT switch (SzSMs a magnetic hpld-in, 
square . pushbutton switch^^lised to engiage the 
altitude hold mode. With the switch in the 
disengaged (not depressed) position, Qfbntinuity 
exists between K and M. With the switch in the 
. engaged (depressed) position, continuity exists 
between L and M. With power applied, the 
switch applies 28-yolt dc to pin L when the 
switch is depressed to the engaged position. The, 
switch is ^ magnetically held in the engaged 
,1 position and disengages only when voltage is 
renloved. . " ' r^^^ 

The .RETURNn''0LEVEL switch (S24) is a 
momentary-close round pushbutton switch used 
to engage the automatic return to level flight 
mode. With the switch in OFF (not depressed) 
position, continuity exists between X arid V. 
With the switch in the engaged (depressed) 
position, continuity exists between V and W. 
With or without power applied, the switch 
returns, to OFF ppsition when depressed and 
released. , . ' 

Tlie MACH switch (S22) is a^ magnetic 
■ hold-in, ' square pushbutton switch, usecl to 
engage the Mac^ hold mo^e. With the switch in 
the disengaged (not depressed) position,- 
continuity exists between P and R. With the 
switch in the engageti (depressed) position, 
continuity exists between NMd P. With' power 
applfeo^and the switch depressed to the engaged 
position from the disiengaged position, 28-yolt 
dc input from pin "P is applied to pin N. The 
switch MS , magnetically held in the engaged 
position and disengages only when voltage is 
removed. ^ ' 

/ 
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Figure 7-12.— Automatic pilot engaging controller. . 
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Chapter 7 : AUTOMATIC ,FL1GHT CONTROL SYSTEM 



AIR NAVIGATION COMPUTER 

Since all qperational functions of tfac 
autopiatic fliglit control system iife channeled 
through the co'mpiiter, it is the heart of the 
entire system. The computer cquples, shapes; 
and amplifies stability augmentatibn * and 
automatic flight contjol signals. These signals 'are 
used to ^operate' the actuators previouily 
described. AC control inputs and error signal 
inputs are accepted Jrom auxiliary subsystems 
and sensors. These inputs are obtained horn the 
inertial navigation system, ballistic computer, air 
data computer, ALS data link, and radio 
receiver. Inputs are also obtained from pitch, 
roll, and yaw actuator position sensors and from 
AFCS sensors, including the normal and lateral 
acceleremeters and the rate gyroscopes. AC 
excitation voltages, are also, supplied by" the 
computer to all of the components and 
auxiliary equipment which supply 'inputs to the 
AFCS. Signal swi-^i^hing operations are 
controlled by the computer through an 
interlocking relay arrangement in connection 
with the controller mode selection switches. 
Provisions for gain adjustments of the major 
system parameters are provided thrpugh a 
calibration board mounted on the front of the 
computer. The computer is .compwsed of an ' 
equipment rack ari^ seven amplffier modules. 
(See fig- 7-13.) Each of the seven modules 
contain submodules, some of which are identical 
and are interchangeabjle ^tween modul^. 



'Comll^nd Coupler Module 



Command and sensor signals* from variojis 
^sors and reference units are received by tl^e ' 
command coupler. These signals fire summed, 
shaped^ amplified, and limited, and then 
dtftributed to other Circuitry for executipn of 
tl^e commands. To accomplish these functions, 
the command coupler contains circuitry foj- the 
following functional channels: 

K Altitude, ' M4Ch, aftd pitch command 
channel. • / • . 

2. Ver.tical path damping channel. 

3. Tum'coordihation^channel.' 
Lateral path channfcl. 



5. G-coinmand channel. 

6. Flaperon lirryter channell 



^ Each of the. channels is illustrated in. figure 
7-14. During the following discussion' reference 
should be made to this illustration. 

; WALT^TUDE, MACH, AND PITCH 
QOMMAND CHANNEL.-Altitude,.Mach, and 
;pUch Qommand information errof, signals are 
.a|?fylied to demodulator-modulator Z 100-5. In . 
the demodulator portion, the input signal is 
converted to dc which is proportional to the > 
input, with the pisilarity dependent on the phase 
of the input. The output of the demodulator is* 
passed through a low-pass filter (C501 1) to the 
input of the modulator. The modulator converts 
the varying dc signal to a modulated, 400-Hz 
signal. The output •of the modulator is passed 
through a limiter which limits its magnitude. 
The limited ac signal is fed to the AFCS 
scrvosystein Mo espblish a pitch attitude," to 
command a new pitch attitlide, or to bring the 
aircraft back to thefestablished reference. 

VERTIC^/L; path DAMPING 
'CMANNEL.-The normal a^celerometer and the 
( 1 —cos </) ) are signals applied to 
demodulator-modulator ZlOO-7. The signal is 
converted to dc, parsed through high- and 
low-pass filters (C5017 and C5018, 
respectively), and modulated. The high-pass 
filter (C50I7) is used to 'block steady-state^:^ 
inputs such as nulls. The low-pass filter (C5018) 
is used to provide a low impedance path to 
ground for high-fre;quency signal inputs (noise). , 
"~The ac output signal is »fed to the pitch 
computer, operatihg as an integrator to ^provide 
. vertical path damping in the altitude hold and 
Mach hold modes. 

TURN C9ORDINATION CHANNEL.-The 
lateral acceleronieter signal is applied to the- 
demodulator section of 'Z 100-8 Vhere it is 
converted to dc. Thjs dc signal is. fed to a 
displacement section and an integral seption. In 
the displacement section, the dc signal is filtered 
with* ft short time 0 constant filter (R50i 2 and ' 
C5016) to' eliminate '"noise The signal , is then 
converted to ac in the modufator section, of 
Z 100-8. In the integral sec^ion,\the dc signal is/ 
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1. Pitch computer amplifier. 

2. Flaperoh (roll) servoampilifier, 

3. Stabilizer (pitch) servoampkfier 
• 4. Roll computer a.rppUfier. 



5. Rudder (yaw) servoamplifier. 

6. Heading computer amplififer, 

7. Command coupler ampliftel:. 

8. Bquipmerit rack. . , 



Figure 7-13,— Air navigation cortiputer.; 



208.1S1 



EKLC 



filtered heavily .(R«07, C50I4, and C5015>and 
then converted,16 ac in th^modulator section qf 
Z800-2. The. displacement and integral signals 
are, then sumrried" at^'the input to .the buffer, 
amplifier sectjon . of ' Z800-2. The corhbinpd 
signal is fed to the* AFCS servosystem to proyide 
# rudder deflections for^turn coordination. / 
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LXtERAL PA^M CHAlteL.-Heading 
computer control trartsfornfer Wading referehce. . 
(through the air'^ata • oafmputer Mach. ^ 
potentiometer and aiJ?ei?»utter foUower) or-coll, 
command' * s i g.n a I s are * a p p 1 ied / Ip 
, demodulator-modulator ZlOO-4. TTte particiilar,', ' 
signal, depending on AFCS mode, is converted 
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figure 7-14.-CominaiKl module functionil chinnelt block diagram. 
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to dc, filtered, modulated to 400 Hz, aiid 
limited. A maximum baak angle js estab^lished 
bVvthe limited output of ZlOO-4. Tliis output, is . 
fed to the' roll 'confpu^ to command bank, 
^ angles proportional to the error signal.'' 

. G-COMMAND . CHANN-EL.-The '; normaP 
accelerometer signal and the yg-Comnignd sign'al 
.(througJi> contacts of K5053) , are' apphed to 
demodulator Z1Q0^3.^ 'The ei;ror signal is ' 
converied*t6 dc and tiltered.hedvily in the s'ame 
manner as in jthe integral section o'f .the turn 
coordination cliannep^t is then converted to ac 
in the modulator ^^fection of Z800-1' ^an^ ' 
ampHfied in the amplifier section of ZSOO-l. 
Tlie re^tiltant output is fed to the AFCS to 
command stabilizer motions pfopdrtionaf to th?' 
integral of g^omman'U error. . ' ' 



. FLAPHRON LIMITER CHANNEL.-Rate 
gyro and roll computer attitude re£jprenc6 signals 
are. applied to amplifier liriSStef Zl400. These^ 
signals are amphfied in thei amplifiefir section of 
Z1400 and apphed tj^ "Ihe \limi'ter section of 
• Z1400 to assure iha|\the flaperon a 
Umit is not exceeded. ^ . • 

RoU Computer Module ^ . 

The roll compiler amphfier module accepts 
inputs from the aircraft roir attitude reference 
and from the command coupler lateral path 
channel. The module output is^pplied to^the 
roll servoamplifier module to command aircraft 
roll through fiaperon deflection. The module 
incorporates a synchronization channel' 
comprising "a motor ' amplifier and servo 
assembly. The servo consists of / a motor 
tachometer driving a control transformer,- a 
sine-cosine resolver, and roll-ppsition-sensing 
sector switches, through a recluctibn train. 
(See fig. 7-15.) In addition, the jnodule 
incorporates roll synchronization monitor 
circuitry, pitch-up conipensation cirpiiitry for. 
turns, five relays, and a power'supply . 

In the roll attitude synch,roni,zing 
configuration,, relays K3001, K3003, arvd K3004 
are deenergized^-The control transformer, vyhiqh 
is connected^ back-to-back»with the roll synchro v 
transmitter of the inertial navigation system, 
senses changes in' the roll attitude of the aircraft. . 



TTie resulting error signal is fed to the input of 
the motor amplifier. The ajnplified signal drives . 
the motor tachometer,^ which in turn drives the 
CQiitrol transformer through a , 525:1 gear ratio, 
thereby maintaining the control transformer 
output at a null. In drder to keep this closed 
servaloop §table, thg output of the tachometer 
•is fed.baclCand sumffied at the motor amplifier 
inj3ut to provide the necessary damping. ; 

The attitude hold rr|()de -is engaged \aa the 
AUTO . position ^ of tli^^ AUTO/STAB-AUG 
switch on. the controller when the aircraft Toll 
attitude is greater than 5° as sensed by the 
sector switch. Remy K36oi iS' 'energized; : 
clamping tHS motor, .thereby preventing .any 
; - further synchronization an^ estabhshing a fixed / 
roll reference. Deviations about this reference ^ 
attitude, are sensed by the contrpL transformer ' 
and fed to th6 AFCS servosystem io perform the ' 
necessary corrective action to maintain the ^ 
' -feference.attitude. \ . c V 

The heading.' hpld, - configuration and wing 
leveling are automatically selectec^when .the . 
attitude" hold mode is enjgaged with the- aircraft 
roll attitude between zero, and 5°. In this mode, 
relay K3001 is dgenergized, unclamping the^ ' 
^ motor; and relay K30Q4 isT energized, inserting 
the si^ae output of the roll computer resolver ! 
into the input of t|ie motor amphfier. T|ie ; 
heading computer reference is ^clamped by/ 
means of interlocking relays. Bgviations^from 
this reference heading are sensed by the- locked 
heading computer control transformer and fed 
to the input of the- roll computer motpr 
amplifier, thereby driving the nlotor, which in ' 
turn drives the resolver and the control 
transformer. ' ' 

= The resolver sine output is fed back to^the 
motor amiphfier input to- cancel the error 3igr\al 
i*rom the heading computer control transformer, 
and the roll computer "control transformer • 
. output <' is fed to ttie AFCS servosystem to 
establish an aircraft Jbank angle. The resulting 
bank changes the. aircraft /heading, thereby 
reducing the heading. error until it is zero. A 
wings-level condition is; then establisfied. In the ' 
TPQ-10 mode, the heading computer (operating 
as an integrator)' generates -heading ! errors 
^ proportional to grouj>d commands mat are^' 
° inserted as inputs' to the roll compiufer (in a 
mguiner identical to the heiiding hold jmode) to , 
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coqimand bank angle proportional to heading 
error. Roll command inputs to the roll computer 
also cause the servo section to function in a 
manner similar to that, described for the heading 
hold mode; that is, command bank angle 
proportional to input roll command error. 

In the roll back mode, the sector switch 
assembly, which rotates with the sine resolver, 
measures angular roll^'displacement from level 
flight. The upper limit on roll attitude hold is 
±60°. When the attitude hold mode is engaged 
with the roll attitude greater than ±60°, relay 
K3003 is ' energized through conducting 
segnients on the sectof switch. The resolver sine 



output is fed back to the motor amplifier input 
through a limiting network (CR3012 and 
CR3013) to estabUsh' a rail back to 60^ The 
control transformer output is fed into the AFCS 
servosystem that commands flaperon deflection 
to roll the aircraft back towards 60"^. 

The roll computer is clamped when the roll 
attitude returns to 60"^, and this attitude is 
maintained as described in - the attitude hold 
mode discussion. When the return to level switch 
on the. controller is depressed, relay K3003 
remains engaged (roll angle greater than 60"^) or 
will become engaged (roll angle less than 60"^) 
through rack interlocking relays. TTie aircraft 
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rolls back at its established rate until the bank 
^gle is 5°, at which point the heading hold 
function of the attitude hold mode or roll ' 
command in the command modes is 
reestablished. / 

Thel(l-cos 0) turn compensation signal is 
derived' from the cosine winding of the servo 
section resolver. This winding provides an 
output voltage proportioQjJLto the cosine of 
angular roll displacement from\level flight (cOs 

. The signal is series-summed \yith transforjtier 
T3001 to provide a. net output of zero volts at 
.zero roll attitude (<p = 0°). For roll displacemer|ft 
from level flight, this net output is then 

' proportional to (1 - cos 0). Resistor R3015 and 
capacitor C3012 correct the phase of the 
resolver to facilitate the summation with T3001. 
Resistors R301 8 and R3021 adjust the output 
of T3001 to provide for a. cancellation of the 

' zero attitude resolver output . ^ ' 

A. . The sensitive relay aniplifier receives a. 

" it . constant input from the .control transformer. 
When Joll displacement bet>yeen the stable 
platform rdll reference and the control 
transformer exceeds 2"", the output signal from 



the amplifier energizes relay K3006, preventing 
engagement of the AFCS AUTO switch. • 

|lolI Servo Module 

The roll servoamplifier module (fig. -7-16) 
receives a rate gyro input, which is shaped acK^ 
mixed with command and feedback signals for 
roll axis controL The output Js supplied to a 
hydraulic seh^o-valve actuator which moves the 
flaperons as.required. 

The input from the roll rate gyro is a 400-Hz 
signal whose prtiase and amplitude are dependent 
upon the direction and anhdint of gyro . 
precession. The input signal js coupled to the 
demodulator section of Z 100-2, where it is 
compared wi^a400-Hz reference voltage and 
changed to*a varying dc signal. The amplitude of 
the demodulator output is proportional to the 
input, and the polarity is dependent upon the 
phase. Capacitor C 1053 offers coupling between 
th6 demodulator and the modulator, wiping out 
the dc level caused by steady-state (constant 
amplitude) signals. The varying dc is converted to ^ 
a modulated 400-Hz output, with zero outpu|^ 
for steady-state inputs. Since. the demodulator ;< 
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is sensitive only to voltages in phase, or 180° pui 
6f phase with the reference voltage, quadrature 
voltage rejection takes place and the^^output is a 

. "clean" ^signal. ' 

.The ^ summing^^nctjodij para)l^l;5ums the 

'input from the wipe-out' ch'aiinel with' other rolf, 
command arid feedback signals as * shown in 
figure 7'-16. The s^^lmed volfege,is^^ppIi^4 to 
.the input of the actuator drive arilglifier section,- 
where it is demodulated (agaip >^ithici|i^dj'Jitiij^ 
rejection) and changed to a varying :dcV i^ 
voltage is converted to an'^'ac signal ©Utpui Avhicfr 
couples to preamplifier Z200-2,7 a three-stage, 

. class^ A amplifier, with a grounded emitter 
output. \' 

The torquer' drive amplifier Operates a servo 
valve in thq flaperon ' actuator to fui^sh 
necessary aileron control. . ' ' • 

Since the pitch servo module and the yaw 
servo module are idei;itical and interchangeable 
with the roll servo module, they are not 
discussecj. . . . " 

Pitch Computer Module 

t The -pitch computer amplifier module 
accepts inputs^ from, t life altitude sensor, Mach 
. sensor, pitch attitude reference, and.xommand 
coupler ^normal accelero meter channels. (See fig. 
7-17.) The output of the modiile is applied to 
the» pitch servoiinpUfier -module to comtnand 
aircraft pitch th.ro,«^ stabilizer deflection. The 
module incorpciT^if!|ji servo channel comprising 
^ motor amplifier knd a diial gear ratio servo 
as^mbly. The servo' consists of a riiotor 
tachometer that drives a control transformer and- 
a pitch' attitude position-sensing^ sector switch 
through a dual-ratio gear train. 

The gear ratio is qhanged through action of a 
solenoid-operated gear shifter mechanism. In 
addition,' the • module incorporates dual-purpose 
relay circuitry for pitch , synchronization 
monitoring and automatic'"^ stabilizer trim 
functions, ten relays, and a power supply 
submodule card. The internal instructions and 
sub module cards of' the pitch ' computer 
amplifier module are similar to those* of the roll 
computer and roll servoampHfier module. 

In the pitch-attitude synchronization mode-, 
relays K4001 and K4006^^g. 7-17) are 
deenefgized. The control tainsprmer, which is 



connected back-to-back with the transmitter in 
the inertial navigation system*, senses changes in-- 
^ the pitch attitude of" the aircraft. The resulting 
error 5ignaUs fied back, to the input of t-he m9tor 
- amplifier. The ampHfied signal drives the motor 
tachometer, which in turn drives thQ control 
transformer through . the 1,540:1 gear- r-atio, 
thereby maintaining the conti]pil transformer 
; output at a null. In orde^ to keep.'this closed 
servo loop stable, the output of tHe tachometer 
; Is fed back and gummed at the mptor ^njblifier 
input to provide the necessary damping, ' 
^ ;^ l |jn the attitude hold' mode, relay -X406r' is 
^erieiigized,, hence the motor is .clampeci. This 
prevents any further" attitude synchronization 
• and . establishes a ifixed pitch reference. 
Deviations about this , reference, attitude , are 
sensed by the control (ransfonrier and fed' to the 
-AFCS servbfystem to perform, the necessary 
[ corrective action- to maintain the neference 
. attitude. 

; In the altitude and Mach hold mode, re^ay 
K4Q01 is deenergized and K4006,is energized. 
Tliis allows the servo section to run open loop 
^and act as an electromechanical integrator. The 
solenoid in the dual-ratio, servo assembly is 
energized, , and the gear ratio is changed to 
85,900: 1 . Any altitude or Madh error signal that 
may exist at the input to the motor amplifier is 
integrated by driving the control transformer in 
a djr&ction to reduce the altitude or Mach error 
to zero,, thereby altering' the aircraft pitch 
attitude to maintain the reference altitude or 
Mach number. . . 

In the pitchbaok mode, the section switch 
assembly, which rotates ' with the control 
transformer, establishes th^ limits of angular 
. pitch displacement from level flight. Thei,limits 
' on attitude hold are +25° (up) and h(50° (down)* 
from.level'flight. When the attitude hold mode is 
engaged, with the. pitch attitude* in excess of 
either +25! or -60^ relay K4003 (+25'')' or 
K4004, (-60°) is energized via two conducting 
segments on the switch assembly. In addition, 
relay "K4006 is energizied,. thus stopping 
synchronization; and- relay K4001 , is 
deenergized, unclamping the motor input. When 
either relay K4003 or K4004 is energized, a 
fixed voltage is applied to the motor amplifier 
input from transformer T4001; This voltage 
causes the motor to run at a rate 
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(predetermined) at which thfe tachometei output 
cancpls Ihe : level Voltage^input.. liieWr^ 
control transformer output^ is fed into- the AFCS 
servosyst'em that commands the aircraft to pitch 
back toward.^either +25'' 6r ' -60''.. The pitch;/ 
computer, motor is clamped and the, leVef voltage 
removed when the pitch* attitudV i;Qaches +25° • 
or -60''. This attitude Will then be.,maintained a^. 
deiscrfeed above under attitude hold :rhode 
operation. ' / , ' 

When the return to level »switoh , 6n .the > 
controller is depressed, relay K4003;or R4004 
will remain energized (from pitch angles greater ' 
than +25" or'-^O") or become ;ejiergize<i. (from, • 
pitch angles less tiian ^S"" or -60") through the ■'\ 
rack interlocking relays (after completion of.roll ' 
return-, to levej.). The aircraft 'wiirpitcK ba^:k at- 
its established rate until' the pitch attitude is' +7" . 
(returning from pitchup angle) or +3^. (returning! 
from^.pitchdown angleO. Th^ pitchback rate has > 
been set to* result^ in* a, maximum positivQ 
incremental lo^d' factor' or^pproxintately 3.5 g 
.when Jjitching back .from negative pitch' angles.. 
and .maximum negative inprejTicatal Jgad: factor . 
of '1 g Avhen "pitching back fi'orn. positive pitch' 
angles. \ ; " ' " " ' ' 



Heading Computer Module ». ' 

" • ' > . 4 \ , V ^ ' 

The/headmg computer am^^lifier module (fig. 
7-l§) accepts ' signals frorii ,the heading attitude 
reference' and from the radio receiver. The 
output of ' the heading* computer- amplifief 
madule', parameter-controlled .by ^ a Mach 
potentiometer,' is/applied -to' the* lateral path^ 

' channel of' the cdnimand coupler tcr 'sommaqd 
roll cOnjputer shaft.^ position .proportional to 
heading error. Heading correctioi^s are' made' by 
commanding 'aircraft roll througli "flaperon 

.deflections. The module .intof porat^'& . a 
synchronizatioh channel^ ^consisting of a motor 
amplifier and a servo as§emm^, Which follows up 
the heading ^data 'transmitted ffom thef inertia! • 
navigation systeM. . 

The servo assembly consists of a motor 
tachometer that drives a conhpl ' transformer 

-througn -ai reduction gear train, yheynodule also 
contains heading synchronizatioh... njonitor 
circuitry, a 'power supply; and tbree relays. In ' 
addition, th§ module provides a 4Q0-Hz signal- 
that is routed through radio receiver Teldy 



.contacts "to drive thgi; heading computer in the 
- TPQ:10 integrktor:co][)^lguration. . ' 

The servo sec|io^^^ pf the headin^g-eoinputer 
; (.fig. 7-18)' is Oper4ti|t'e- durir\g the 

modes and/or 'cpn|igurations * qf the AFC 
.operatic^; heading r-'synchronization, headin 
\ hold, and TPQ-IO tnp^jle. 

In the heading synchronization mode, relays 
; K8001 and KSOOsVe deenergized. The control 
>. transforijier, which is connected back-to-back 
vvith the heading transmitter in the inertial 
navigation system, senses changes in the heading 
attitude of the aircraft. The xesulting error signal 
is, fed back to ,the input ot the motor amplifjer. 
^The amplified ^ighal drives the rAotor 
. tachp'mefer, Which in turn drives the control 
' 'transjformer through the. 5,974: 1 ^ gear ratio, 
' jhdrebV maintaining Vthe control transformer 
voutpuf'at ^ null. To keep this closed servo loop 
v'stable,;,tTie output of the tachometer- is fed back 
. jhd^fSUmmed at the ijiotpr amplifier input to 

provide the nepessary dampirng. , 
' In .the heading hold modie, relays K8001 and 
, K3063, are energized; Hence', the mo tot is 
damped. This prevents any further heading 
/ synchronisation and estabUshes a fixed heading 
, T<^ferfcnce.^ Deviations about this reference are 
i .sensed by the control transformer and fed to the 
/:^FCS control sysf em through- the lateral path 
; ^-..channel of the^command coupler and Of the roll 
comput$ir,/'' wMich ^tablishes , a bank, angle 
proportional , to heading;-'errbr to perfornfl the 
ijipcessary corrective, actioh, and maintain the 
^/heading refel-ence. . 

Tn- the. t^Q-lO' mo 
efl'ergi^ed'ajid K8003 is 
.^the' serVp sectipfn t© ruh operi^op and act as 
' • an electrQKneQHahi'cal iritej^^^ (in the 

form of ''400-Hz- pul^s) reteivedVhrbugh the 
. . AlFCS 'grourid*' control lelay are fed tXthe motor 
amplifier' that drives-^the "^control t^sformer. 
The coittroL'tjiansfQriper output" is ietil through 
the faterjaf patji* channel of ih^. cpm'mand coupler 
^ to ;the'*r<£>3H c^^^pute^.(>vhich functions the same 
■ 0 as it does in . thb. hewing hol^ mode)' to, roll the 
- aircraft, ^hefpfey changing heading. ' , ' 

=' ■ ■ ■ ?' . '■ ^ ■ ' ■ 

; ^ \ ' ■ flkWRYiOF OPERATION ^ .[ 
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Figurf^18.— Heading computer module block diagram. 



Control and .feedback signals are combin<^l by 
using ''parallel summation techniques* Piirajlel 
summation is' accomplished hy injecting ac 

'^gnals thrpugli . relatively hi^h impedance: . 
resistors lo , low input ' impedanoe transistor^' ,> 

■ summing amplifi'ers'/System gains are established 
by selecting- appropriate summing resistors (the 
hlgher''^ the- resistor, the lower the gain). Control 
signal shaping is accomplished hy passive RC ^ 
networks. Pripr to ;shapi,ng, ac signals are 
convened ,to dc by transistorized, 
amplifier-demodulators. The shaped dc signal is 
reconverted, to a 400-Hz "-signal by. --lialf-wave 
'modulators for ac parallel summation.-' The 
resultihg^at signal is converted to a proportional 
mechahical. output by the AFCS seryosystem. 
The servosystem output is-mechanjcally summed 
(in "the actuator series configuration) with^ the , 

. . ' V 199. 
' ' , . . - . \ isr 



manual control system inputs to pibsition the 
control surface. • , 
- NOTE: The air data computer contains six 
dynamic-pi'essure ^j-potentiometers • and one 
Mach-n umber potentiometer -for gain » 
programing. Q-potentiometers .No. 1 , 2» 5, and 6. 
are used for parameten control of AFCS 
g-rorpmand, turn coordination, roll rate gyro, 
and pitch-up. , turn - compensation 'signals, 
respectively. Q-potentiometers No. i3 and 4, 
provided for • shaping of AFCS yaw and pitch 
rate gyro signals, are not used in the present 
AFCS configuration. The MACH' number 
potentiometer is used for shaping of AFCS 
heading error signal. 

^ * Signal flow theory pf,^p?fation is deyeloperf 
for each aircraft axis (ruddefi flaperon, and 
stabilizer). The AFCS operation in; eacli axis is ^ 



Chapter 7- AUTOMATIC FLIGHT CONTROL SYSTEM 



divided into operating modes. However, to aid iri 
understari<iing, the ^FCS seryosystem and 
aircraft control system' are discussed separately 
before proceeding with the theory or operation 
in the operating modes, 

A summary of AFCS operation, tying 
together, the AFCS operating modes, switching 
requirements, ' and signal data, is presented 
in'fa]b!e 7-3 following the signal flow discussion. 

RUDDER AXIS SIGNAL OPERATION 

*k . ■' ■ 

Two primary control functions are provided 
by the rudder axis-yaw damper and coordination 
of turn maneuvers. The selection of these 
functions is obtained by engagement oT the 
ON<)FF switch on the controller. , 

A diagram illustrating rudder axis signal tlow 
is show/1 in figure 7-19. The combined servo and 
control system is a surface 'positioqing device 
; where sensor and coYvtrol inputs are summed at 
sumiping junction 2 of the figure to command* 
surface position. ' ^ . 

The rudder J\FCS servosystem- consists of 
the actuator drive amplifier section of the yaw 
servoamplifier and th^AFCS portion of the 
rudder ^lectrohydraulic actuator, as shown in 
figure- 7-19. The actuator drive amplifier rejects 
quadrature voltages and amplifies and converts 
input ao 'Control signals to dc signals.. The dc 
output pJolarity is/ dependent upon th^ input 
signal phase relationship. The actuator drive 
amphfier dc output is fed to the actuator 
electrdhydraulic servo^ valve. The valve 
commands actuatpr mechanical output at an 
initial rate, and in a direction dependent on the 
polarity of the dc .signal input: .The actuator 
positio^n se^n so r develops an ac signal 
proportional to actuator mechanical output. 
This position feedljacic; signal .closes the AFCS 
servosystem^ loop" (^timftiing junction 2), 
prpyiding ruddier . actuator or position, 
proportional to the ac \'Aipial input. When the 
portion -sensor output .c^^^tels Jhe net input to 
Slimming junction 2, trareby reducing the 
actuator drive output t§ zem volts, the actuator, 
stops moving. Balance potejmpmeter 'R1072Y is 
summed with the. feed-back signal. This 
potentiometer is required to . remove electrical- 
and mechanical imbalances '* and thereby 
eliminate engage errors. 



- The AFCS output and the manual 
rudder-pedal input are mechanically summed in 
a series arrangement (summing junction 3). This 
^ series arrangement prevents surface deflections 
due to AFCS electrical inputs being reflected at 
the rudder pedals. Both electrical and rrtanual 
inputs can be injected simultaneously, with tl\e^ 
/ resultant surface deflection being the sum of the 
two. The mechanical summation of 'the two^ 
inputs is fed through the control linkages to the 
power actuator. The rudder actuator does not 
operate in parallel; it is capable of manual and 
series operation only. The series mode is, the 
AFCS operating mode of the actuator. 

NOTE: When an Actuator operates in series, 
the applical)le aircraft control surface -is 
positioned through its electrohydraulic iactuatpr 
so that no motion is transmitted bac^ to the 
stick. Only the stabiUzer actuator has a parallel 
operatmg mode. In this configuration, aircraft' 
stabilizer motion is- transmitted .through 
mechanical linkage to the stick. The stabilizer 
actuator operates in the parallel configuration 
during the g-command and return to level modes 
of AFCS operation. 

The AFCS can command^ up to ±4° of 
rudder surface ^moV'Cment through the power 
.'actuator. The rtidder pedal is mechanically 
' limited to cormnand ±35° with flaps or gear 
down (landing condition). In the 
clean configuration (flaps and gear up), the 
rudder pedals can command ±4°. 

Tl}e. rudder axis functions idefitically in all 
modes to provide yaw damping dnd. turn 
coordination. t / 

Stability augmentation" mode engagement 
energizes the actuator solenoid yalve to permit 
-hydrauUc flow, and releases the mechanical lopk 
on the rudder actuator, allowing automatic 
rudder control to provide yaw damping and 
coordination pf turn maneuvers. 

Yaw Damper 

• . «i • . *• • . 

The yaw damper function provides a rudde;* 
deflection^proportional to and opposing aircraft 
angular yaW rate. The stability sensor forifthe 
yaw damper is the yaw rate gyro portion of the 
rate gyroscope. .The sensor output is shaped in 
the yaw rate gyro wipe-out channel before being 
inserted into - the rudder AFCS servosystem 
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Figure 7-19.-Rudder axis signal flow diagram. 
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Figure 7-19.-Rudder axis signal flow diagram. 
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^' (input •summing junction 2). 1lie ^ wipe-out 
. channel is a high pass filter that eliminates yaw 
damper opposition' to sustained manual -and 
automatic turn commands. The wipe-out is 
accomplislied by converting the .sensor ac signal 
' tOi^ dc signal in the demodulator section of 
der|odulator-m9dulator Z 100-2 and implying it 
to a 2-second RC lead network^. The signal - 
reconverted to 400 Hz in the modulator portion 
*of Z 1 00-2 for parallel summation with other 
Inputs to the A*RCS servosystem. 

Turn Coordination 

Tuai coordination functions to provide 
rudder control proportional to aircraft side 
accelerations (accelerations along either wing). ' 
Side accelerations can occur in straight-and-l^vel 
flight (from rudder mistrim) or in turns (from 
the aircraft turn coordination requirements). An 
ac • signal, proportional to aircraft side . 
acce J'e ra t ion . is derived from the 
, center-€)f-gravity-mounted"lateral accelerometer. ^ 
This: signal is fed ta the . rudder AFCS 
servosystem via tJie tum coordination channel of 
the /command' cbupler module. This channel is 
divided into ' two signal path sections-one 
. sA^tion for displacement control and the other 
for integral control. The displacement cx)ntrol 
commands rudder position proportional to side 
acceleration, but^. this /alorte could not satisfy 
steady-state cocrrain^libn>control requirements 
without affecting *^We short-period stability. 
Therefore, the disg^laeemtot gain is augmented 
b^v the "integral control to satisfy the 
maneuvering. . coordination requirements with 
minimum effect on .the short-period response. 

The furn. ^coordination channel uses 
demodulator Z 100-8 (fig. 7-19) toVconvert the 
lateral accelerometer ac signals- to dc signals 
prior to sectionalizing/ the signals. The 
displacement section filters this dc signal with a 
passive RC network (0.1 -^^nd time constant) 
to remove signal noise and' modulates it at 
Z100-8 .to 400 Hz for summatiori with the 
integral sectioji output buffer amplifier Z800-2 
(summing juncti6n 1). The integral section 
heavily filters the dp signal with an RC lag 
netv/ork (SO^-second time constant) and 
ipodulates it at Z80O-2 to 400 Hz for 
^ summation -with' the displacement signal at 



summing junction 1. The combined 
coordination signal is ^amplified at Z800-2, 
shaped, 'fed ^through the data computer 
dynamic-pressure control, and summed with the 
wiped-out yaw rate gyro signal at the input (o 
the AFCS servosystem (summing junction 2). 
The air data computer paraniete'r control is a 
50,000-ohm^ potentiometer in which the 
' resisti^nce increases line'arly with dynamic 
•pressure (q). The iQw-dynamic-pressure end of 
the potentiometer '(zero-resistance) is tred to 
signal ground through resistor R7020 and is tiecl. 
to 4lie ^potentiometer arm through resistor 
R7058. The values 3f resistors R7020 and 
97058 may be Varied to shape ^he control gain 
parameter as. required.. The* control gain that 
results is inversely proportional* to dynamic 
pressure. ^ 

FLAPERON AXIS SIGNAL . - 

OPERATION 

Eight .primary functions are provided by the 
flaperon axis as follows: 

> 1. Roll damper. ^ 

2. Roll attitude synchronization. 

• 3. Roll attitude hold. 

4. Heading hold. ' ' 

5. TPQ-1 0 commands. 

6. Ballistic computer set roll commands. 

7. Return to level. 

8. Cont^l stick steering. 

Selection of these functions is governed by, 
the switches on the c9ntroller, the TPCJ-IO 
engage switch on the ground controlled bombing 
system panel, or by application oPrfianual forces 
to the aircraft control stick. The flape.ron axis 
signal now diagram (fig. 7-20) prese^nts signal 
flow from sensors to the ^tlapQron controF 
surface. The combined servo and control system 
, is a surface-pQsitioning device where sensor and 
control inputs to summing junction 7 command 
surfacp position. . . - 

The flaperon servosystem AFCS "functions 
similarly to ^the rudder AFCS servosystem in 
thjt electrical inputs, (summing .junction 7, fig. 
7-20) result in actuator displacement. However.,', 
the flaperon servosystem is physicaHy different 
from the rudder servosystem. There are, two 
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Figure 7-20.>-Flaperon axis signal flow diagram. 
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identicar^^power actuatbrs associated with the 
flaperon Control system-one to power each se,t , 
of (taperons, and an autopilot actuator which 
drives the flaperon power actuators. The 
autopilot actuatoj- is capable of only manual and 
series operation. ^ 

TTie tlapercrhx power actuators operate with 
meclianical feedback so that AFCS or manual 
inputs result in a proportional actuator 
displacement. The control linkage between the ^ 
autopilot actuator and the nower actuators 
restricts operation of the power actuators so 
that AFCS or manual stick inputs deflect only 
one set of tlaperons (right or left) . at any one 
time. Tlie phase of the AFCS electrical input 
signal determines which flaperon power actuator 
operates. 

Unlike the rudder system, th^ manual stick 
input is applied througli the position sensor 
within the actuator. The relative position of the 
stick and the sensor (summing junction 8) 
generates an electrical signal which is 
algebraically added ^o AFCS^ inputs' at the 
servoamplifier (summing junction 7). The AFCS 
flaperon travel limit (±12.5° about the engaged 
position) is established by the flaperon limiter 
Z1400. If the surface authority limit is exceeded 
(due to a malfunction of series mode limiter 
ZI400), one of the two autopilot actuator 
flaperon authority limit switches is actuated. 
The contacts of these switches are located in 
series with the holding solenoid of the ON-OFF 
switch. Actuation of either flaperon authority 
limit switches will cause the ON-OFF switch to 
drop out to the OFF position, thereby 
disengaging all automatic control. 

The flaperon servosystem balance 
potentiometer (R1073R) signal is adjusted to 
compensate for the electrical and mechanical 
imbalances at initial system installation and 
during specified maintenance procedures. This 
phase-reversible signal is injected at summing 
junction 7. 

Stability Augmentation Mode 

Stability augmentation mode engagement 
releases the series link lock on the autopilot 
actuator, allowing series type automatic flaperon 
axis control provide roll damping. Roll 
attitude and heading synchronization oi^erate to 



automatically synchronize "the flaperon axis to 
the roll attitude and heading of .the aircraft 
durirfg- :,the stability augmentation mode and 
prior to the attitude hold mode. 

>^ < 

J^OLL DAMPER.~The roll damper function 
provides a flaperon deflection (rolling moment) 
proportional to and opposing aircraft angular 
roll rate. The stability sensor for the roll damper 
is the roll . rate gyro (fig. 7-20). The sensor^ 
.output is parameter controlled, sh^pec^ in the 
roll rate gyro wipe-out dia;inel,^nd then /imited 
Defore being inserted into « the flaperon AFCS 
servosystem (input summing junction 7). The 
sensor signal is led through the • air data 
computer dynamic-pressure control. Operation 
of the air data computer parameter control was 
previously discussed. 

The parameter-controlled roll rate signal is 
applied through easy engage circuit Z1090 to 
the wipe-out channel. The easy engage circuit 
removes the roll damper signal when the control 
stick is moved laterally out-of-detent. When the 
control sti(^ is returned to detent, the roll 
damper signal is reapplied smoothly to the 
desired level through the easy engage circuit. 

The wipe-out channel is a high pass fdter 
that eliminates roll damper opposition to 
sustained bank commands (manual an/tk 
automatic). The wipe-out is accomphshed py 
converting the sensor ac signal to a dc signal* in 
the ' demodulator section of demodyiator- 
modulator Z 100-2 and applying tc^to a 
2-second RC lead network. The signal is 
reconverted to 400 Hz in the modulator portion 
of Z 100-2 for paraJlel summation with other 
inputs to amplifier-limiter Z1400 (summing 
Junction 6). The shaped roll rate signal is 
amplified and limited by amplifier-limiter Z1400 
and parallel summed with other inputs 
(summing junction 7) to the AFCS 
servosystem. The limiter portion of Z 1400 limits 
the AFCS servo input to the actuator drive 
amplifier so that the flaperon surface deflection 
does not exceed the established flaperon limits. 

ROLL ATTITUDE SYNC^HRO- 
NIZATION.-The roll attitude reference for the 
AFCS is' obtained from the back-to-back 
coupling of the inertial navigation system roll 
a t,t i t u de transmitter to the \o\\ 
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computer control transformer. The roll 
computer amplifier module (consisting of an 
electromechanical servo assembly that drives the 
roll control transformer, an electrical sine-cosine 
resolver, and roll ' attitude sector switches) 
provides continuous roll attitude "Synchro- 
nization prior to- and during the stability 
augmentation mode. Tbe control transformer 
senses changes in the aircraft roll attitude and' 
develops a proportional error signal; ^ 

This signal is fed, to the roll computer ihotor 
amplifier input (summing junction * 5j| via 
deenergized rplqys K3003 and K3004: The 
output of the motor amplifier drives the roll 
computer servo assembly until the control 
transformer output is nulled. A portion of the 
servo assembly tachometer signal, whose output 
voltage is proportional to motor speed, is 
parallel s\;immed vyith the control transformer 
input to damp the servo loop. The roll computer 
servo assembly is aligned so that its shaft 
position (relative to the inertial navigation 
system resolver) and its sector switch orientation 
correspond directly to aircraft roll attitude from 
level flight. 

HEADING SVNCHRONIZATION.-The 
heading rj^^ference for the AFCS is obtained from 
the back'to-back coupling of the inertial 

'navigation system heading reference transmitter 
to the AFCS heading computer control- 
transformer. Tlie heading computer amplifier 
(an electromechanical servo assembly which 
drives the heading control transformer) provides 

.continuous heading synchronization prior to and 
during the stability augmentation mode. 
(Heading synchronization is accomplished in all 
operating modes of tl\e AFCS pxcept heading 
hold and TPQ- 10.) 

The control transformer senses changes in 
aircraft heading and develops a propprtional 
error signal. This signal is fed to the heading 
computer ^motor amplifier input (summing 
junction 15) via 'deenergized relay K80(Jl.The 
output of the motor ampHfier drives the heading 
computer servo assembly until the control 
transformer output is nulled. The heading 
CO m p u ter .servo assembly shaft position , 
therefore, corresponds directly to aircraft 
/"heading. 



1 

o 



The heading synchronization fungtion is 
monitored continuously and automatically 
within the heading computer. The control 
transformer output is coupled to the heading 
computer relay amplifier (Z1300) which is 
calibrated to energize its output relay (K1301) 
whenever the heading synchronization error 
exceeds ±2°. Contacts of relay K1301 are 
included in the interlock circuit for the 
AUTO/ST AB-AUG switch. These contacts of 
synchronization monitor jelay K1301 are 

* bypassed when the .^attitude hold mode is 
, engaged. 

. Attitude Hold Mode ^ 

Selection of the attitude hold mode via the 
controller AUTO/STAB-AUG switch provides 
roll attitude hold or heading hold in addition to 
roll damping. The roll damper function for the 
stability augmentation- mode is identical to the 
attitude hold. mode. Roll attitude 
synchronization is stopped, and the roll 
computer control transformer error signals are 
appHed to the AFCS servosystem. The roll 
attitude existing at the time of attitude hold 
mode engagement determines the nature of 'the 
flaperon control function of the AFCS. These 

• functions are either roll attitude hold or heading 
hold. • ^ 

ROLL ATTITUDE ' HOLD.-The roll 
attitude hold configuration is engaged when the 
attitude hold mode is selected and the aircraft 
roll attitude is greater than 5° and less than 60°. 
Aircraft roll attitude displacement and rate 
, deviations are sensed and used to 
proportionately position the flaperons to 
maintain the reference (engaged) aircraft 
attitude. Engaging the AUTO/STAB-AUG 
switch on the controller stops aircraft attitude 
synchronization and clamps the roll computer 
(provided the existing aircraft attitude is greater 
than 5° and less than 60° as sensed by the roll 
computer position sector switches). This 
clamped computer position estabUshes the 
reference roll attitude. Deviations from this 
attitude are sensed by the locked roll computer 
control transformer. Hence, the inertial 
navigation system roll attitude transmitter 
detects any aircraft roll attitude change, which is 
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then transformed to a proportional ac signal by 
the. control transformer. This roll attitude 
deviation signal^ is fed througli energized relay 
KlOlO to the input of the amplifier-limiter 
Z1400 (summing junction 6), where it is 
amplified and limited. (See fig. 7-20.) Tlie 
output from Z1400 is then fed to the il^peron 
AFCS servpsystem (summing junction 7) and 
commands flaperon deflection in a sense to 
maintain the reference attitude. 

The use of a relatively high attitude gain, 
required to maintain tight attitude control, 
\dictates the need for aircraft attitude rate 
information for mode stabilization. Therefore, 
sigTials proportional to roll rate, derived from 
the roll rate gyro, are summed with the control 
transformer attitude signals (summing junction 
6) to provide the phase lead required for stable 
system operation. The roll rate gyro signal/ is 
parameter coritrolled and then shaped in the roll 
rate gyro wipe-out channel ahead of the 
amplifierrlimiter input summing point to 
eliminate opposition to sustained roll rate 
commands. The wipe-out circuitry (high pass- 
filter) is identical to that used in the'rudder axis. 

The upper limit on roll attitude hold is 60° 
either side of level flight. If the aircraft attitude 
is greater than 60° when the attitude hold mode 
is selected, the AFCS will roir the aircraft 
automatically back to, and hold, 60° roll 
attitude. Attitude synchronisation is continuous 
for all aircraft attitudes, thereby aligning the roll 
computer shaft to the actual aircraft attitude. 
The roll computer resolver is connected directly 
to the electromechanical servo assembly shaft in 
a manner to produce an output from the sine 
winding that is a measure of shaft rqtation, and 
hence of roll attitude displacements from zero 
roll attitude (wings level). 

If the aircraft attitude is greatpr than 60° 
when the attitude hold mode is selected, 
attitude synchronization stops and the roll 
computer remains undamped because of the 
interlocks associated with the roll computer 
attitude sector switches. The resolver sine 
output is inserted into the roll computer 
(summing junction 5) in place of the control 
transformer signal (relay K3003 is energized) 
and is summed with the full tachometer output 
(relay K3005 is energized). (See fig. 7-20.) Zener 
diodes CR30 12 and CJ^3013 are used to limit 



the- resolver sine signal to a value approximately 
equivalent to the resolver pij^ut at 45° of roll/ 
The divided sine signal, in conjunction with the . 
full tachometer feedback, establishes the 
comp^uter motor qpJl-back^ rate in a direction 
dependent on resolver signal t>hase.' As the 
motor is driven, the con.Vrol transformer develops 
an output signal to command flaperon 
deflection (via energized relay KlOlO and the 
servosystem) » which rolls the. aircraft back 
toward 60°. The roll computer is clampefd by 
agtioi^of the attitude sector switch interlocks 
when a roll computer shkfl position of 60° is 
achie^ied. The aircraft continues to roll until its' 
attitude becomes 60°' and - the control 
transfoi^mer output is nulled. This attitude is. 
maintained in the sai^ .manner as- that 
previously described for rol attitude hold. ' ^ 

HEADING HOLD .-Selection of the attitude 
hold mode with the aircraft roll attitude, right 
or left, between 0° and 5° results in automatic 
wing leveling and heading hold engagement. 
Heading hold is accomplished by commanding 
bank angle proportional to deviations in aircraft 
heading from the reference. The roll computer 
attitude sector switch detects the aircraft roll . 
attitude between 0° and 5° and supplies 
excitation continuity to interlock relays. 
Contacts of these relays open the roll computer / 
motor clamp circuitry, insert the roll computer 
sine output to the input of the motor amplifier, 
energize the heading computer clamping circuit, 
and select the clamped heading computer 
control transformer heading error signal. • 

The roll computer is driven by the unlimited 
sine resolver output in a direction to reduce its 
output to zero, which corresponds to 0° of roll 
attitude. The roll computer control transformer 
produces the command input to the AFCS 
servosystem to provide proportional flaperon 
'deflection for wing leveling. As the wings level, 
heading error signals, derived from the heading 
computer control transformer, are fed to the 
input of the roll computer (summing junction 
I via the air data computer Mach potentiometer 
and the command coupler lateral path channel. 
This input drives the roll computer servo 
assembly until the sine resolver output caricels 
the heading input. The angle through whicn the 
roll computer servo assembly shaft /(and, 
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therefofe, the control transformer) rotates is 
directly p*roportional to heading error. - 

The aircraft (and- the inertial navigation 
system roll transmitter) rolls in resppnse the 
control transformer error to reduce, the error to 
zero. The resulting bank angle isjn a direction, to , 
reduce, the heading error.*' Since the established 
bank aJigle is proportional to heading error,- the ^ 
baqk angle is reduced as the heading erc^ is 
decreased until a ' wings-lev-el condition .iS 
established at^hfc reference heading. / 
The lateral path channel in threading loop^- 
provides Heading error, signal, filtering ^pn(i. 
limiting. The ac heading sigiifal error is applied at - 
summing junctioji 4, converted to dc by the. , 
standard defnpdulatbr (part of Z-l 00-4), filtered 
with an RC lag.network having a 2-secondr time ' 
Oqnstant^ and modulated^ to 400 Hz for signal 
^$iinlmation at the input fo the ! roll computer 
f4VJft)niing junction 5). (See fig. 7-20.) The 
fdaximum ouJput%X)f the modulator (part of 
■^100-4) is established by its excitation voltage. 
riL this ap|)lication, full output of this modulator 
.(fetei^l pa^^h channel) is equivalent to 30** of * 
'bank* J^teral path channel input command 
. autfi(5rity is thereby limited to a maximum of 
30** of bank. A Mach potentiometer and an 
emitter-follower (Z5050) are located between 
the heading error output and the lateral path 
diannel input. The Mach potentiometer, located 
in .the air data computej^ continuously adjusts 
the heading gain as a function of aircraft Mach 
number to obtain constant dynamic response 
over the airspeed range. At low airspeeds, gain of 
. the command coupler module is increased to 
cause an increased control surface movement. 
The emitter-follower (Z5050) provides an 
impedance match between the Mach number 
potentiometer and the lateral path channel 
input^ thus allowing the heading, gain to be a 
linear function of Mach number. 

Altitude and Mach Hold Mode , 

The altitude and Mach hold function is a 
longitudinal control, function (stabilizer axis), 
the flaperon control axis functions 
independently of the altitude and Mach hold 
control. The lateral mode (attitude hold or 
heading hold) existing at the time of altitude 
and Mach hold engagement is retained. 



TPQ-IOMODE 



The TPQ-lO mode , provided a ground 
controlled vectoring (or ste.ering) capability for 
close support bombing attack. The system 
includes a, ground radar, a ground computer, 
ground tataVlink transmitter, radio receiver, and 
an aitbbrne X-band beacon (for low-angle and . 
long-range ^tracking), inuring TPQ-IO mode • 
coritrol,niie'aiPcraft; (tracked by^ radar) is always , 
utider ^ound iojriinand, which ma>; require^ a^^<f 
Mirect-miv-ta-ter^e^rer^ loiter. Inp( | ^ jii ^ ^ 

'information to the AFCS cdnsists of the clQsur^^ ^4 
^ of one of two sets of relay-contacts of the radiq ^A 
' receiver. One set of relay, contacts commands/ 
correction to the left; the oflier set commands 
correction to the right. Closure of either relay is 
intended to command a correction of from 0.1** 
to 3.0** per pulse. Relay closure signals, when 
required, are ^ transmitted at a rate of 1 per 
second. - 

Selection of the TPCMO mode is . 
accomplished by the pilot, using the TPCMQ 
engage switch (solenoid-held toggle switch) on 
the ground controlled bombing system (CiCBS) 
control panel. In order to engage the TPQ-lO 
mode of operation, the AFCS must be in the 
attitude (heading) hold mode or command 
mode, with the aircraft bank angle less than 5**. 
Selecting the TPQ-lO mode while in command 
mode drops out the command (CMD) switch, 
thus disengaging . the command ipode. If the 
aircraft bank .angle is greater than 5°, the 
TPQ-lO engage switch will not hold in and the 
roll attitude hold mode will be retained. 

When the appropriate conditions are met 
and the TPQ-lO mode is engaged, relays KSOOl" 
and K8002 are energized. These relays unclamp 
the heading computer, switch the heading 
computer control transformer heading error 
signal to the air data computer Mach 
pote;itiometer, : and convert the heading 
computer to an electromechanical integrator (by. 
removing the heading control transfornfe^/ 
feedback loop and selecting ma)dmum 
tachometer output). The radio receiver output 
signal is inserted into the heading computer 
(summing 'junction 15), through, the TPQ-lO 
AFCS/ground control relay. (The relay prevents 
interaction between other TPQ-lO grouiiad - 
stations transmitting to other aircraft at the 
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same .carrier frequency bu^different code, and is 
energized by a radio receiver coding section in 
conjunction with the pilot's manual selection of 
the proper code.) j • 

Out-of-phase and in-phase 400-Hz excitation 
voltages to the ^adio receiver left-right relays are 
supplied by transformer T8010, located' in the 
heading computer. A ground command to 
change heading results in the closure of one of 
the radi6 receiver relays 'for a length , of time 
determined b.y g round ha^ed mmpntpr 



Integration of , the. signal input pulse**^ is 
' performed by the heading computer at a rate of 
- 3° pf heading computer shaft rotiatioh per 
secqijd. The heading computer - qontrol 
transformer is thereby rotated, piroducing a 
.heading error signal which is fed to the.input of 
the roll compj^ter (summing junction 5) via the 
air data computer Mach i^otpntiometer and the 
commandv coupler lateral path channel. 
Continual heading correction^ may be applied to 
the aircraft by ground transmitted signals, 
resulting in radio receiver output pulses of 1/30- 
to 1-second duration, correspohding to 0.1° to 
3"" of heading change at a rate <S( t J)ulse per 
second. 

Command Mode 

'to 

Selection and engagement of the command 
mode disables roll attitude synchronization and 
applies roll computer transformer error signals 
to the AFCS servosystem. Three lateral 
command mode control phases are provided in 
the AFCS: a roll command pjiase, a return to 
level phase, and an automatic landing ^yltem 
(ALS) data hnk command phaseJ jljie 
solenoid-held toggle switch dm the AFCS 
controller selects the command mode. Selection 
of the roll command return to level or ALS data 
Unk command phase is accomplished by 
energizing the appropriate AFCS interlock . 
circuits with 28-volt dc interlock signals 
generated by the balhstic computer. Generally, 
when the command mode is selected, the \o\V 
command phase is assumed. The AFCS operates 
in the roll command phase until a' signal (28 
volts dc) is fed to the AFCS from the baUistic 
computer. The AFCS interlocks use this 28-volt 
dc signal to establish the netum to level opALS 
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data link phase: The following discussion 
presents tlie AFCS command mode/\ 

ROLL COMMAND PHASE.-To establish^ 
the roll command phase; the AFCS must be )q 
the attitude hold mode (or a higher/mode) prior 
to engaging the CMD switch on the controller.' 
Engagement of the CMD switch wi|h the AFCS 
in thq TPQ-IO mode- of operation drops out the 
TPQ-10 engage switch andj results in 
disengag ement of 'the TPQ-in njnrip:__iv\|s^. a 
28-voU tic roll-command-availabfe signal from 
the billlistic computer mast be present in order 
to latch the CMD switch.. When the roll 
command phase is engaged, relJy K5()54 (fig. 
7-20) i!s en^gized, switching the/ roll cofaipiand'^ 
* transnvt'ter output into the lateral path channel' 
- input through resistor R70 15. At this point, the 
AFCS functions in the same jmanner^s the 
heading hold mode, except that/the lateralpath 
chanrfel filter time constant Isofchanged from 2 
.seconds to 0.06 second, thef Mach number 
potentiometer is bypassed^, ^d the heading 
computer synchronizers aircraft heading. The 
difference between aircraft heading and desired 
heading is computed by the ballistic computer 
-and inserted into the AFCS as 
This input drives the roll 



assembly until the sine resolv(;r output cancels 
the roll command. As" stated ir the heading hold 
discussion, AFCS bank commands are limited to 
a maximum of JO"" by the lateral path channel 
output voltage limit. , The ballistic 
computer-commanded maneuvers may consist 



a roll command, 
computer servo 



imands to guide 



only of relatively simple roll coi 
the aircraft to its target, or they may take the 
form of complex operations sudh as a LAB (low 
altitude bombing)^ maneuver. The discussion 
thuS' far pertains to the reJatiWly simple roll 
command maneuver. " \ 

^ If a LAB maneuver is invblved, then the 
following discussion is applicable. The LAB ^ 
maneuver requires balhstic com|iuter sequential 
control of both lateral and longitudinal aircraft 
axes to .pitch the aircraft iip and ove^ 
longitudinally and to return it to a wings-level 
condition laterally. The flaperon iaxis return to 
level phase rolls the aircraft back tb within S"* of ' 
wings-level attitude and then initiate's the % 
pitch-level phase {\k the stabilizer axis) to retufn 
the aircraft to a pitch-level condition. . * i 
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The LAB sequence of operations^starts with . 
, the AFCS in^ the command mode. Ballistio 
computer control sighals'in the lateral \path 
channel guide the aircraft to its target. Stabilizer - 
axis control In the* form of g-commands (also , 
from the ballistic computer) is active. At the 
propeh^ time (de^termined by the^ balli^tk: 
computer), the aircraft is commanded'to start its 
up-and-over maneuver. As the. aircraft reaches, a 
pitch angle of 90°, inertial navigation system 
slew jntfaled and the 90° -fli p sensor o j i the 
INS attitude reference sends a 28-volt dc signal 
to the AFCS. Jh is ^interlock signal energizes 
relay K1007 (fig. 7-20), removing roll computer 
control transformer error signals from the AFCS 
servosystem. Relay K3004 is also, deenergized, 
which simultaneously removes lateral path 
channel inputs' frofn the roll computer and 
TevQrt$^ the roll computer to ^its roll attitude 
synchrbriization configuration, aligning the roll 
Computer to.the slewed INS reference .'^ - - • 

At the same time, ^ the excitatiorf • to the 
electrical resolver is reversed so that its phase is \^ 

^correct for inverted flight- When the'i;;rpil 
computer has aligned itself to within 2° of the 

JNS reference, the 90° -flip relay K1007 i§ 
deenergized, restoring roll computer control 
transformer error signals to the AFCS 

, servosystem. Also, relay K3004 is energized, 
thus reverting ballistic computer control to the 
roll axis. The reversed pha^^Vexcitation to the 
electrical resolver remains. Jhe aircraft 
continues along the flight'path computed by^he 
ballistic computer and in an inverted attitude. 
When the aircraft attitude is wjthin 5° of the 
proper pitch angle, the ballistic conlputer 
removes the g-command longitudinal input. In 
ordqr to complete the LAB maneuver, the 
aircraft must be rolled back to a straight and 
level attitude. Therefbre, im-mediately after the. 
ballistic computer g-command is removed from 
the AFCS, the ballistic computer generates a 
28-volt dc interlock signal pulse to initiate the 
retum-to4evel phase. 

RETURNtTO-LEVEL PHASE.-When the 
aircraft is in ' position to return to level (as 
determined by the ballistic computer), a 28-volt 
dc signal pulse is fed from the ballistic computer 
to the AFCS interlock system that establishes 



the return to level phase. In tlae flaperon axis, 
this 28-volt dc ^ignal is used to energize relay 
K3003 and to deeri^rgize relays K3004 and 
.IC5054. (See , Fig. 7-20.) thus, w)ien* the roll 
completer is, switched, » to the retum-to-levej 
configuration, the aircraft rolls back to- its 
normal fkght attitude reference. Relays' K3003 , 
and K3004 complete the roll computer loop 
around the electtical sine resolver 'through ^the 
roll rate limiter composed of diodes CR3012 
and CR3013 a nd reastor R3jOI6.' The limited^ 
resolver sine output is inserted into ttie roll ■ 
computer. (surfijnirig function 5) and is summed 
with the full, tachometer output. The algebraic 
sum of the two signals establishes the computer * 
motor roU-b^ck rate. The direction of motor 
rotation depends on the initial resolver output 
phase. As the motor is driven, ^^e control 
transformer develops an output signal to 
comifiand flapeton deflection via. the AFCS 
•servosS^stem. The aircraft rolls in ifes'ponse to the 
control transformer signals: so that the control 
transformer output is nulled. Relay K5054 
removes the ballistic computer roll cofnmands 
from the inptit of the lateral path channel. The 
roll computer sector .switch detects when * the 
aircraft has^ rolled back to '5° and supplies 
excitation continuity to the interlock relays. 
Contacts of thes^elayi bypass the roll limiter in 
er- and insert the ballistic 
ands through the lateral 
e roll computer. The lateral 
rts to its initial condition, 
and,phase. 



the roll 
computer rj 
<^path cl\a] 



axis po; 
that is, 




ALS DATA^LINK PHASE.-^The ALS data 
Unk phase is estabUshed in a mannef identical to 
that used to establish, the roll command phase. 
The essential^;dtfferen6^ between the two is in 
the AFCS^tTterlocking circuits. When the roll 
commanophase i^ operative, the pilot may 
assume manual 'control of the aircraft (if he so 
desires) by inserting commands through the 
stick without the necessity of reengaging the 
CMD. switch on the controller at the conclusion 
of manual cSntrol inputs. The AFCS 
interlocking circuits prevent this from being 
done in the ALS data link phase. Hence, it is 
then, necessary for the pilot, to reengage the 
CMD switch and thus reassume the ALS data 
link phase if manual control is used. 
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^The ALS automatically tracks approaching 
aircraft with, radar. The instantaneous position 
coordinates of the aircraft are supplied by the 

• ^ radar to a carrier-based flightpath computer' 
that compares actual flightpath to a desired 
flightpath. Controj signals are transpiitted by 
radio to*^ the aircraft for both lateral and 

^Jongitudinal corrections as a function of the 
error between actual ^aild desired flightpath. This 

- radio information is converted to electrical error 

s ignal^ in the ALS clat^ link ( decoder-encoder) in 

the aircraft tol^supply coHimaflcTsignab to th¥~~ 
AFCS. Lateral control signals are applied to the 
lateral path channel. ;LQngitudinal control signals 

\ V are applied. to the altitude, -^Mach, and^ pitch 
compiand channel. Ballistic computer 28-volt dc ^ 

. interlock signals, fed to the AFCS interlocks, set 
_ up the appropriate signal flow ^cbufrigurations to 
maintain control throughout the ALS approach 
and landing operation. Lateral axis control is 
identical to that used' in the roll command 
phase. ^ 

Retum-to-Level wfode . . 

The return-to/level, mode is selected by 
engaging the retum-to-level push^tton switch 
on the controller. In order /to establish the 
return -to-leyel mode, the AFcS must be in the 
attitude hold, heading hold, TPQ-10, altitude 
hold, or Mach hold mode prior to engaging the 
return-to-level switch. With the AFCS in' the 
TPQ-ld mode, engagement of the return-to-level 
mode disengages the TPQ-10 mode and provides 
heading computer , synchronization on aircraft 
heading. In the heading hold mode, engagement 
of the retum-to-level mode unclamps the 
heading computer and also results in the heading 
synchronization configuration. Roll attitude 
synchronization is disabled, and roll computer 
control transformer error signals are apphed to 
the AFCS servosystem. Two return-to-level 
phases are provided in the AFCS~a roll-level 
phase and pitch-level phase. 

Startling from any roll attitude, the roll 
return-to-level function ailtomatically rolls the 
aircraft to a wings-level condition and concludes • 
the operation by putting the AFCS fiaperon axis 
control in the heading hold mode. 
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Control' Stick Steering Mode ' . , 

The ARCS is implemented for control stick 
steering; that is, pilot-applied stick force causes 
the . system to revert to the s^ility 
augmentation mode while the aircraft \is 
maneuvered manually. With the attitude hold 
mode engaged, application of lateral stick force 
(1.1 ±0.2 lb) sufficierft' to actuate the 
force-sensitive switches in the stick remoyes, th6 
roll attitude reference and the roll rate damper 
HFroTn-the-^ystenr^^ejptergi2es-relay4B^01^~(fi^ 
7-20), and the roll and heading computers revert 
tg the synchronization mode. Continued force 
results in a manual input to the fiaperon control 
system (sumnjing junction 8) producing fiaperon 
deflection and an aircraft roll rate. While the 
stick force is applied, the AUTO/STAB-AUG 
switch on the controller remains engaged, and 
the- AFCS provides yaw and pitch damper 
control. The roll damper function is deactivated 
by the easy engage circuit Z 1090 tcx eliminate^ - 
damper resistance^o the commanded roll rate. 
Also, the roll damper signal is ' reapplied 
smoathly-jJthr.Qugh^.the, . easy engage . circuit 
Z1090. The easy engage circuit Z 1090 allows 
the roll rate signal to increase to the desired level 
with a.^.time constant of 0.32 second. In the 
fiaperoix axis, the manually commanded roll 
attitude is continuously 'synchronized (as in 
heading) as described previously. If attitude hold . 
or the command modb had been selected prior 
to the application of Jatferal stick force, their 
respective engage switches would not disengage 
with stick force application. Upon release of the 
stick, the attitude hold or cpmmand mode is 
automatically reengaged and normal operation 
of the particular control mode is resumed 
(except for the d^tfi jink phase). If lateral stick 
force is applied while in the.TPC^lO mode, the 
TPQ-10 engage switch will drop out, thereby 
disengaging the TPQ-10 mode. Subsequent 
release of the stick reestablishes the attitude 
hold mode. 

stabilizer axis 

signal.operXtion ^ 

Nine primary functions are provided by the 
stabilizer axis; 

1 . Pitch damper. 

2. Pitch attitude synchronization. 
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3. Pitch attitude hold. ' . 
4/ Aufomatic pitch trirn. 
' 5. - Attitude. hold, . 

6. Mach^holdi * . 

7. Command mode. ' - _ ' ' 

8. Retum-td-leveL \ ' 

< 9. Control stick steering. ' , • 

NQTE: ^ A generaf- description -of, the 
command and return-to-leyel modes \Vas given yi 
the' fl^perdn. axis djsc&ssioh and is not repe^ed 
jn Jhisiiection . , . . 

'Selection of' the ' stabilizer functions is 
controlled by the switchesAon the controller s , 
the. application' of manual forces to the' aircraft ^ 
control stick. The stabihzer^ axis signal flpw / 
cliagi;am (fig. 7-21) presents stabilizer signal flpw 
'from the sensors to the stabilizer control .., 
surface. , " \ , - ' ' c 

As in the other^.axes, the combined servo- 
an(f control-system is a iSurface-p6sitioning ' , 
device where"^ Censor iriputs to summing junction 
13 command position pf the control surface. 

The stabilizer axis- servosystem functions 
similarly to the rudder and flaperon AFCS 
servo-systems in that electrical inputs (summing 
junction 1 3) result in stabilizer displacement. 
However, the stabilizer servosystem is physically 
different from either the rudder or the flaperon 
servosystem. The single stabilizer 
electro-hydraulic actuator is capable of manual, 
series, ,or parallel operation. The series and 
parallel modes are the AFCS operating modes of 
the actuator. 

I In the series mode, the power actuator 
operates with mechanical feedback so that 
electrical or manual inputs result in a 
proportional §ctuator (and surface) 
displacement. In this configuration, stabilizer 
actuator electrical inputs deflect the stabilizer 
control surface without moving the control 
column^ Similar to the rudder axis, the stabilizer 
Wries^ mode mechanically sums the manual and 
electrical inputs to the power actuator (summing 
junction 14) and has an electrical control surface 
authority limit (1.2°) about the engaged 
position. The manual surface authority is 



mechanically limited to command 2° up, 10.75° 
down' in^ the clean' condition (flaps and^^ear up), 
and 2° up, 23.75° apNj/n in the landing cotiilition 
(flapsor gear down)., . ^ , ' 

.' ' ' ; • ' 

The parallel mode is assumed when '<^>28-volt ^ 
dc solenoid,; internal to the actuatbr, isV' 
energized. This miction converts the Actuator to 
the'^ parallel mode configuration and allows 
electrical inputs, to cpntrpl the ' stabiliz^jfe 
position, fine-rgi^ing this 'sbleftoid, activates 

-hydraulics-cramp 4hat- centers and locks the / 
manual input linkage to the actuator output and 
removes the niechanical feedback from around 
tl:ie ' power actuator. In this configuration, 

, manual inputs can be inserted only by overriding 
the manual lockout device. E^lectrical inputs are 
fed; via the, AFCS, to ^ the^ actuator. The 

\hydfaulic. clamp deactivates the series sensor, In 
order to' restore the combined servo and, control 
system tj^ positioning type system, the parallel 
position* sensor' i5. clutched intq the servo loop 

, and 'prpvides an ac signal '-^prbportional to 
stabilizer position. ' 

This ac signal is fed back to the AFCS 
servosystem input (summing junction 13). The 
clutched surface position transducer supplies an 
output only in the parallel mode configuration. 
The transducer clutch and, the actuator parallel 
mode solenoid are energized simultaneously by 
the AFCS interlock system in the g-command or 
pitch-command phase of the command mode, or 
when the retum-to-level mode is selected. 
' Control signal inputs to the stabilizer AFCS 
servosystem (summing junction 13) are canceled 
by the transducer as the surface is deflected 
proportionately. In this mode the manual 
control column is connected directly to the 
surface, and surface deflections resulting from 
electrical control signals move the control 
column proportionally. , 

The stabilizer servosystem has a balance 
potentiometer (R1071P) similar to that used for 
the other axes. It is adjusted at initial system • 
installation and at .subsequent specified 
maintenance . operations to compensate for 
electriqal and mechanical imbalances. This signal 
is injected at summing junction 13. 
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Figu/e 7-21. -Stabilizer axis ngnal flow diagram 
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Stability Augmentation Mode 

Stability augmentation mode engagement 
energizes the actuator solenoid valve to permit 
hydraulic flow and release^the mechanical lock 
on the stabilizer actuator, allowing series type 
automatic stabilizer a?^is control to provide pitch 
damping. Pitch attitude synchronization 
operates to automatically synchronize the 
stabilizer axi^ to the pitch of the aircraft during 
the stability augmentation mode and prior to 
the attitude hold mode. 

PITCH DAMPER.-The" pitch damper 
function provides a stabilizer deflection 
proportionate to and. opposing aircraft pitch 
rate.^The primary function of the pitch damper 
is to dampen pitch-axis oscillation. The stability 
sensor for the pitch damper is the pitch rate 
gyro. The Seqsor output is shaped iti the pitch 



rate gyrorwipeout. channel before being inserted 
into the stabilizer AFCS servosystem (input 
summing junction 13). The air data computer 
parameter control is identical in operation as 
J previously discussed. 

The wipe-out channel is a high-pass filter 
that eliminates pitch damper opposition to 
sustained pitch rates. The wipe-out is 
accomplished by converting the sensor ac to dc 
in the demodulator section of 
demodulator-mddulatiir Z 100-2 and applying it 
to a 2-second RC .lead network. The signal is 
reconverted to 400 Hz in the modulatof portion 
of Z 100-2 for parallel summation with other 
inputs to the actuator drive amplifier (summing 
junction 13). 

PITCH ATTITUDE SYNCHRONI- 
' ZATION.~The pitch attitude reference for the 
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Figure 7-21.— Stabilizer axis signal flow diagram— Continued. 
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AFCS is obtained from the back-tQ;i)ack 
cdupling: of the inertial navigation s^tem pttcl 
attitude transmitter to the AFCS computer 
amplifier (pitch computer) control transformer. 
The pitch computer, consisting of an 
elcictropiechanical dual ratio^ servo assembly 
Vfhlch drives the pitch control transformer and 
position sector switches througli a duaj ratip 
gear train, provides continuous putch attitude 
synchronization prior to and during the stability 
augmentation^ mode. The control' transformer 
senses changes in the aircraft pitch attitude and 
develops a proportionate error signal. 

This error signal is^ fed to the input of the 
pitch computer motor amplifier (summing 
junction 1 2,wig. 7-21) via deenergized relay 
K4006. The motor amplifier output drives the 
2-phase instrument servomotor through the 



high-speed gear configuration, maintaining the 
control transformer output at null. Integral with 
the motor is a tachometer that generates a 
voltage proportionate to motor speed. The 
tachometer output voltage is summed with the 
control transformer input to damp the^ servo 
loop. The pitch computer is aligned relative to 
the INS and position sector switch prientation, 
so that its shaft position directly corresponds to 
aircraft pitch attitude from level flight. The 
functions of ^ pitch computer sector switches 
and the low-^eed gear configuration are not 
required in tife stability augmentation mode, 

In stability augmentation mode, the^ pitch 
synchronization function is continuously an4 
automatically monitored within .the pitch 
computer. The control transformer output is 
coupled to a phase-sensitive relay amplifier via 
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^^dcencrgizccl relay KI0U9. The relay ampliriei; 
energi-cs either elay K4008 or K4009 
^depending on signal input phase)'if the pitch 
' computer tails to synchronize to within 2° of 
Uie -fflrcrart's pitch att'itude as'sensed by'the 
control transformer. When either rel^y is* 
energized, the attitude hold mode cannot be 
energized. If synchronization is satisfactory aod 
the attitude hold 'mode is engaged, relay K10p9 
is energized and the phase-sensitve - relay ' 
amplif^r is then switched to function as-the 
a utouoatic pitch trim control circuitry. 
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Attitude Hold Mode 



Seleclion. of t^ie attitude hold mode allows 
automatic stnhiljzer/con4rol to provide pitch 
damping and pitch 'attitude hold. The attitude 
hold mode is identical M the pitch- damper 
function previously described for the stiftbility 
augmentation mode. Pitch attitude 
synchronization is stopped, and the pitch 
computer control transformer error signals are 
applied to . the AFTS servosystem. The aircraft 
pitch attitude is maintained by commanding 
stabilizer position proportional to pitch attitude 
displacement and rate errors. Automatic pitch? 
trim functions in this mode and in alF 
subsequent controller-engaged, series-actuator 
operating modes. ' , 

PITCH ATTITUDE HOLD.-the pitch 
attitude hold configuration is engaged ^hen the 
attitude hold mode is selected. Aircraft pitch 
attitude displacement and rate deviations are 
sensed and uj>ed proportionally to position the 
stabilizer to maintain the reference ^engaged) 
aircraft attitude. Engaging the 
AUTO/STAB-AUG switch on the controller 
disables attitude .synchronization by clamping 
the pitch computer. Clamping is accomplished 
by short-circuiting the servomotor control field ' 
(rel^y K4001 energized). The clamped computer 
position establislies^ the reference attitude. 
Deviations from this attitude are sensed by the ■ 
locked pitch computer control transformer. The 
INS pitch attitude transmitter detects the 
aircraft attitude changes which are then 
transformed to proportional ac signals by the 
control, transformer. 



These; pitch attitude deviation signals are fed ' 
to the input of the sfiTbilizer AFCS servo system 
(summing jurugion 13). through energized relay 
K1004 and S^iftiand stabilizer deflection in a 
sense to maintain the refeftnce attitude. (S(?cr^ 
fig. 7-21.) The use of relatively high atUtude 
gains, - required to maintain tight attit-ude 
. control, dictates the neerd for aircraft attitude 
rate information for mode stabilization. 
Therefore, a signal proportionate to pitch rate is 
' derived frorti^ the 9|itch rates^ro and sununed 
with the control tr<yisformer attitude sigrrals 
(summing junction 13) to provide the phase lead 
(and, therefore, damping) required for table 
system operati9n. Tlie pitch rate gyro signal is 
passed through the pitch rate gyro wipe-out 
channel ahead of the summing point to 
eliminate opposition to sustained pitah rate 
commands. The wipe-out circuitfy (high-pass ^ 
filter) is identical to that used in the rudder and 
flaperon axes. 

. The upper limits of pitch attitude hold are ^ 
+25° pitchup and -60° pitchdown from Ipvel 
flight. If the aircraft pitch attitude is greater 

tji^W^^^^^^^ limit when the attitude hold mode is 
;/^lj|j^ed, it will automatically pitch back to 
fJtjtM or -60°, depending on the respective 

'^^■M^^ exceeded. Attitude synchronization is 
^fcOTitinuous for all attitudes, thereby aligning the 
pitch computer shaft with the actual aircraft 
attitude. When the AUTO/STAB-AUG switch is 
engaged, the attitude sector switches (conne,cted 
to the pitch computer shaft) energize relay 
K4003 if the pitch attitude is greater than +25° 
up, or relay K4004 if the pitch attitude is 
greater than -60° down. Relay K4006 is 

- energized, removing the control transformer 
input to the pitch computer, thereby stopping 

• synchronization and switching to full 
tachometer feedback. Relay K1004 is energized, 
inserting the control transformer output into the 
AFCS servosystem (summing junction 13); and 
the level circuitry voltage is inserted into the 
pitch ' computer (summing junction 12). The 
phase of the level voltage depends on which . 
relay (K4003 or K4004) is energized. 

The level voltage' establishes the pitch 
computer motor rotation rate vvhich commands 
an aircraft pitch' rate towards . level via the 
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control transformer input to the AFCS 
servosystem and the aircraft control system. The 
level voltages* are adjusted to ^ provide a 
maximum normal incremental acceleration of 
approximately +2.5 g when levelirTg to -60° and 
-0.8 g whei/leveling to +25° (in the high speed 
flight condition). The pitch computer is clamped 
and the l^el ^voltage removed when the shaft 
position of the sector switches indicates +25° or 
-60°. The aircraft will pitch until its attitude is 
in agreement with the pitch computer shaft 
position and^the control transfonper output is 
nulled, recentering the AFCS serrosystem. The 
pjtch attitude «.at either +25° br -60° is 
maintained in th6 s^e manner as described for ' 
pitch attitude fiqWT 

AUTOMATIC PITCH TRIM.-Pitch trim is 
provifietKautomatically when tl\e attitude hold 
tmde is engaged .-Automafic trim is opeptive for 
n series operating modts of the stabilizer 
a,ctuator with the excOTtiori of stabiUty 
augmentation. The automatic pitch trim 
function relieves the AFCS frpm holding a pitth 
error and from holding AFCS actuator 
displacement to provide the sustained stabiHzer 
deflections required to compensate for trim 
shifts due to changing flight conditions. This 
relief ' is accomplished by repositioning ^ the 
X control column and linkage to hold the required 
surface through the action of the stabiUzer trim 
actuator on the st^biUzer artificial feel bunged. 
This automatic pitch trim function assures that 
the stabihzer control system is trimmed. This 
reduces the possibility of a disengage transient 
due to mistrim when the attitude hold mode is 
disengaged. 

\ 

When the attitude hold mode is engaged, 
manual trim cutoff relay and relay K1009 are 
energized. The manual trim cutoff relay switches 
the input (excitation) to the stabilizer trim 
♦actuator from the stick-manual trim button to 
the AFCS jiutomatic trim circuitry. (See fig. 
7-2L) Relay K1009 switches the input to the 
pitch computer phase-sensitive relay amplifier 
circuitry from the' pitch control transfprmer 
output to the AFCS actuator series position 
sensor output. AVhen the aircraft trim, condition 
alters, due to changes in flight conditions, a 
pitch attitude change results. The pitch attitude 



' change is sensed by the pitch computer control" : 
transformer, which com-mands stabihzer surface 
deflectioi> in a sense to maintain the reference 
pitch ,attitude. A pitch attitude error '(from the- 
reference) pl'pportlonal to the ajtitude change 
results in a steady-state surface deflection, ,Thij*^' 
deflection is sensed by the series position^^fcnsor, 
which produces a proportional output^ voltage. 

. The position sensor output is fed to the input 
of the pitch computer relay 'amplifier Ada relaj( . 
K1009.^When th^ position Voltage exceeds the" 
relay amplifier/ pull-in v61tage (equivalent .to . 
approxirrjately pvl° ofistabiii'5;er), and depending 
on. the jgi^sQ this\input (phase determines 
direction of surface deflection), eithej^ rela^ 
K40p8 pr relay K4009.is energized. Contacts of 
these relays in turn ^pply 120-volt%ic excitation 
to the low speed windings of the. stabihzer trim, 
actuator. The direction in which « the 
electromechari^l screwjack trim actuator 
moves depends on wheth^'ufi trim or . down 
trim is energized. -v" * - x 

The stabilizer trinr actuator butput moves 
the aircraft's control '^^^umn via the stabilizer 
artificial feel bungee. As noted in the stabilizer 
aircraft control system discussion, control 

. column movement is summed with the AFCS 
output at the input to the power actuator. The, 
, control column, input due to the trim actuator 
motion commands surface deflection in the 
same direction as that resulting from the 
actuator displacement. The-, increased • surface 
deflection reduces the atiitude enpr, which 
decreases the signal input to the AFCS 
servosystem. This decreased signal input returns 
the actuator towards its neutral position and 
decreases the seriegf position sensor output, This 
action corftinues until the actuator approaches 
the neutral position. At this point, the. position 
sensor voltage -reaches the relay amplifier 
dropout voltage, thereby stopping the trim 
actuator. The net result . is that the surface 
position required for trimmed flight is obtained 
from control column inputr arjd the* A^S . 
Servosystem operatds aboutj its neutral » (no 

. input) position, / 

, ' : ■ / '^r , 

The stabilizer trim actuator has separate 
^v(nanj^l and AFCS input grinding? to provide a 
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two-speed capability/ The AFCS automatic.trim 
iaput has a trim' speed appYoximately 
one-twentieth of the manual rqte. The slower 
rate associated with automatic trim is required 
•to'assure stable system^^e)<itionf. 

■ ■ ^ ' I 

Altitude H^ld Mo 

^e AFCS provides longitudinarl flightpath ^' 
control to the barometric altitude'existing at'the% ' 

^^ time - of altitudi^ hold> niode engagement. At . 

. aUita^e^s beloW 5,000 feet,*- the barometric 
altitude error; ^gnal iB 'modified in 'thef .air data 

'^-nx^mpUter by ^ radar altimeter cfimbKliye signal - 

to correct Cor altitude hold^deviations^ caused by 
' ambient bjironietric pressure changes. The 
altitude hold function is. acoomplished by' 
commanding pitch .attitude proportional to 
altitude displacement, integral, and rate error 
inputs. The , altitude hold mode is selected via 
the ALT switch on the controller. 

Selection of the altitude hold' mode 
energizfe's relays K10I7, K1040, K1070, K4002, " 
^ and K4006 (fig. 7^21), engages, the air data \ 
computer altitude sensor clutch, and converts, 
"the pitch computer ^ihto an electromechanical 
integrator.- Contacts of relay K1017 switch the 
engaged altitude sensor output into the^input of ^ 
the altitude, ^ach, and pitch;;o|nmand channel 
, (summing jUriction 9), and^o the input of .the 
pitch •coHiputer (summing junction 12). 
Contacts of \relay 1^040 switch the pitch 
computer ^balance adjust potentiometer 
(RIOT^G) jritlo the fnput of the pitch computer 
(suoihiing juAction 12), Relay K4002 couples 
the vertical path damping channel output into 
the ptteh computer (summing junction 12). 
Relay K4006 removes the control transformer 
input- to the pitch computer,. enabling it t*g^un 
open loop (integrate), and switches in thf full 
tachometer signal. In additio/i to breaking the 
position feedback (removing . the control! 
transformer input), the pitch computer \ 
reduction gearing is increased (by applying 28 
yoits dc to the gear ^changer), from 1,540:1 to 
85,900:1 to achieve thV^ required slow 
integration rate. > - - 



An ac signal proportional to altitude 
displacement frojn- the barometric reference, 
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det'ived' from* the clutched, spring-centered 
transducer in the air data computer, is used to 
establish the displacement and integral error' 
control signals. Jhe displaeeme'nt« control is 

' accomplishied by'^commandin^ pitdf ' attitude^ 
proportidnaMo the altitude sensor output.. The* 
sensor signaj is. fed though the. altitude, Mach, • ' 
and'piteh-corhmand channel ;o the input of the \ 

. stabilizer AFCS ,servos\ m.- The . altitude, 
Mach, and pitch-command chaitn'el filters, and 
liniits the.input error signal. 

in mis,, channel, the ac. sensor signir is. \ 
demodulated, ;fij|^d f2-second time^ cohstarit ^ 
RC lag circuit), and nio'duljted to 400 Hz for 
signal summation -at the jnput to- the AFCS 
servosystem (summing junction ;13)V Filtering 
this signal minimizes the angle-of-attack effects- 
on the altitude displacement control, signal. The ' 

X)utput Response from the AFCS servosystem 
commands stabilizer displacement, which results 
. in an aircraft pitch pte. The air era ft^ pitch 
attitude chdngeS until the attitude error signal 
input (from the pitch computer control 
transformer) to summing junction 13 cancels the 
altitude error input, thus returning the surface 
to neutral arid stopping the pitch ' attitude^/^ 

-change. Pitch attitude change, proportional t9 ' 
altitude error, ' maintains r^tije barometric 
refei^^nce. The nfaxin^um jpitch attitude 
comiiianj^from the altitude>rfigl^lacement signal 
is limited^^^-4l3.5° of pitch^Ttitude because of 
the altitude, Mach^nd pitchrpommand channel 
Hmiter. • f 

If the altitude hold mode' were engaged with 
the aircraft in other than level flight, and the 
altitude displacement error were the ohiy. 
control, a sustained altitude error (standoff from* 
the reference) would" result. Assuming the 
aircraft was in a climb at the time of 
engagement, the altitude hold function would 
try to maintain the cUmb attitude, and the 

. altitude error signal would try to change the 
attitude suiFficiehtly to return the aircraft to. the- 
barometric reference. An altitude error sufficient 
to change the aircraft pitch attitude to level (nt> * 
further increase in altitude) would be required 

^to cancel the pitch control transformer output, 
resulting froiti the attitude change (climb to 
level). Ultimately, an altitude signal .and attitude 
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signal would be summed at summing junction 13 
to produce a zero input to the servosystem. 

9 

Disengagement of the altitude hold mode 
deenergizes relays K1040, K1070, and K4002. 
Relay K 1070, however, has a time delay circuit 
which holds it energized for 2 seconds after 
interlock voltage is removed. One set of relay 
K1070 contacts applies the full pitch computer 
tachometer signal to be summed into the pitch 
computer (summing junction, 12) for 2 seconds. 
During this 2-second period the pitch computer 
smoothly synchronizes to a' null, thus removing 
the integrator output and providing altitude 
hold mode easy disengage. Relay K1070 also 
holds relay Kl 004 energized for this 2-second 
period to prevent the pitch computer control 
transformer output from being switched out of 
the AFCS servosystem until it is properly 
synchronized. * 

The use of relatively higli altitude hold gains 
(required for tight altitude cdhtrol) and the 
added lag contributed by the displacement signal 
filter dictate tlie need for aircraft altitude rate 
information for mode stabilization. An altitude 
rate signal is developed by integration of aircraft 
normal (vertical) acceleration, which is summed 
wjth the altitude displacement and integral 
signals to provide the phase lead (and, therefore, 
path damping) required for stable system 
operation. The cen ter-of-gravity-mounted 
normal accelerometer provides the signaj 
proportional to aircraft normal acceleration. 
This signal is fed to the pitch computer 
, (siynming junction 12) via the vertical path 
damping channel. This channel is a high pass 
filter that wipes out steady-state input signals 
such as noise and nulls. It' consists of a 
demodulator (Z 100-7), and RC lead network 
X25rsecond time constant), ' and a 400-Hz 
ijiodulator (Z 100-7). In the control frequency 
spectrum, the. output » of this channel is 
prpportional to altitude acceleration* This 
output signal', converted to an altitude rate 
signal by integration through the pitch 
con)puter, commands, pitch attitude 
proportional to altitude rate deviations. 

A signal proportional to the aii^craft bank 
angle, derived from the cosine winding of the 



roll computer resglver, is summed with the 
normal accelerometer' signal at tlie input to the 
vertical path damping channel (summing 
junction 10). This signal is calibrated to provide 
approximate cancellation of the normal 
accelerometer output resulting from aircraft 
turn maneuvers^ A turn command (aircraft 
bank) produces a change in aircraft load factor 
(normal acceleration) which is sensed by the 
normal accelerometer, thus causing an output 
corresponding to a nonexistent change from the 
reference altitude. Cancellation of this signal 
eliminates the erroneous altitude change from 
the reference that this signal would command. 
The wipe-out action of the vertical path 
damping channel eliminated the steady-state 
effects of mismatch between the resolver and 
accelerometer signals. 

In conclusion, the AFCS barometric altitude 
control commands aircraft pitch attitude. The 
pitch attitude is proportional to integral plus 
displacement signals at the low frequency 
portion of the control spectrum and 
proportional to only displacement signals in the 
mid frequencies. Jt is proportional to 
displacement plus rate signals irl the high 
frequency portion of the control spectrum. 

The AFCS ^ovides longitudinal flightpath 
control to the Mach number existing at the time 
of Mach hold mode engagement. The. Mach hold 
function is accomplished by commanding pitch 
attitude proportional to Mach * number 
displacement and integral, and to vertical path 
rate deviations. The Mach hold mode is selected 
via the Mach switch on the controller. The 
theory of signal operation of the Mach hold 
mode is the same as for altitude mode and is not 
repeated., 

Control Stick Steering Mode 

The AFCS is implemented for control stick 
steering; that is, pilot-applied stick force reverts 
the system back to the stability augmentation, 
mode while the aircraft is maneuvered manually. 
With the attitude hold mode engaged, application 
of longitudinal stick force (1.1 lb) sufficient to 
actuate the force-sensitive switches in the pilot's 

a 
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Table 7-3.--Sumniary of AFCS operation 



Mode of operation 



Switching and signal data 



Signal input axis 



STABILITY AUGMENTATION 

.> 

Damper 

v 

y ' ' ' 

Attitude synchronization 
Heading synchronization 



Controller: 

ON-OFFswitch-ON 

AUTO/STAB-AUG switch? 

STAB-AUG 
Rate gyroscope: 

Roll, yaw, and pitch rate 

signals 

' Inertial navigation system: 
Roll angle and elevation 
angle signals 
Inertial navigation system: 
, True heading signal 



Rudder, stabilizer, 
flaperon 

Rudder, stabilizer, 
flaperon 

Flaperon 



ATTITUDE HOLD 



Roll attitude hold 



Automatic pitch trim 



Pitch attitude hold 



Heading hold ^ 



Controller: 

ON-OFF switch-ON 
' AUTO/STAB-AUG switch— 

AUTO 
Aircraft: 

Roll attitude more than 5° 

but less than 60° 
Inertial navigation system: 

Roll angle signal 
Stabilizer actuator: 

Series sensor position 

signal 
Aircraft: 

Pitch attitude between +25° 

pitchup, ancji -60° pitchdown 
Rate gyroscope: 

Pitch rate signal 
Inertial navigation system: 

Elevation angle signal 
Aircraft: 

Roll attitude between 0° 

and 5° / 
Inertial navigation system: 

True heading signal 



Flaperon 



Stabilizer 



Stabilizer 



Flaperon 



ALTITUDE HOLD 



Controller: 
ON-OFF switch-ON 
AUTO/STAB-AUG switch- 
AUTO 

ALT button-^epre§sed 
Normal accelerometer: 

Nornfial acceleration signal 
Air data computer: 

Altitude error signal 



Stabilizer 
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Table 7-3.— Summary of AFCS operation— Continued 



Mode of operation 


Switching and signal data 


^ 

Signal input axis 


MACH HOLD 


Controller: 

ON-OFFswitch-ON 

AUTO/STAB-AUG switch-AUTO 

MACH button— depressed 
Normal accelerometer: 

Normal acceleration signal 
Air data computer: 
^ Mach error signal 


Stabilizer 

^ 


RETURN TO LEVEL 


fTr»ntTollor* 

ON-OFFswitch-^N 
AUTO/STAB-AUG switch-AUTQ, 
RETURN TO LEVEL switch- 
depressed 
NOTE: At completion of the return 
to level maneuver, the flaperon and 
stabilizer axes revert to the heading 
hold and pitch attitude hold modes, 
respectiviBly. 


r laperon anu scaouizer 


COMMAND 
Roll command 


Controller: 
wiN-wr r swiicn xjlh 
AUTO/STAB-AUG switch-AUTO 
CMDswitch-ON 

Ballistic computer set: 
Discrete (28 volts dc) roll com- 
mand available signal 
Roll angle command signal 

Inertial navigation system: 
^ Discrete (28 volts dc) 90° flip- 
ping signal (inverted flight) 


Flaperon 


RETURN TO LEVEL 
G-comniand 


Ballistic computer set: 

Discrete (28 volts dc) return 

to level signal 
Ballistic computer set: 

G-command signal 


Flaperon and stabilizer 

V 

Stabilizer 


GROUND CONTROLLED 
BOMBING (TPQ-10) 

■ . f " ■ . 

I 

; 


Controller:. 
ON-OFF switch-ON 
AUTO/STAB-AUG switch- 
AUTO 

Aircraft: ^ 
Heading hold configuration 

GCBS control panel: 
TPQ-10 ENGAGE switch-ON 


Flaperon 

T 
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stick removes the pitch, attitude reference from 
the system (deenergizes . relay K1004), and 
pauses the pitch computer to revert to the 
synchronization phase. Continued force results 
in a manual input to; the stabilizefi^aircraft * 
control system (summing junction 14), 
producing stabilizer dejflection and an aircraft 
pitch rate. • 

While the stick force is applied, the ^ 
AUTO/STAB-AUG switch on the controller 
remains engaged and the AFCS stability 
augmentation mode functions, as described in 
the stabilizer axis disgussions, 'providing pitch 
damper control. In the stabilizer axis, the 
manually commanded pitch attitud^ is 
continuously synchronized as de^ribed . 
previously. If the altitude or N^^ch hold mode 
has been selected prior to the application of 
longitudinal stick force, the respective engage 
switch will disengage with stick force 
application, thus removing the particCilar control 
function^ Upon release of the stick, the attitude 
hold mode is automatically reengaged in the 
pitch attitude hold configuration. If the 
command mode (via the CMD switch) has been 
selected prior to the application of longitudinal 
stick force, it remains engaged and the command 
mode control function automatically regains 
control upon release of the* stick (except for the 
ALS data link phase), A summary of AFCS 
operation is presented in table 7-3. ^ 



AFCS INTERLOCK 

The interlock provisions of the AFCS 
establish the system configuration and function 
consistent with the selected operating mode. 
Each mode is interlocked to prevent selection of 
incompatible functions. Visual indication of the 
current ' operating mode is presented by 
controller switch identification.- *■ 

The AFCS mterlock system generally 
operates off the 28-volt do supply. The tnode 
select switches on the controller! are 
solenoid-held toggle and* pushbutton Switches, 
with the exception of the retum-to-level sw^itcji 
which is the momentaryK)n, pushbutton tj^pe, 

' The solenoid -held type pf switch is ideally suited 
to interlock systems in that the" solenoid 
excitation may be applied directly through the 
respective switch or indirectly through "relays 
and/or other switches. Therefore, the switching 
voltage and the solenoid voltage may {je one and 
the same, eliminating the possibility 6f selecting 
an incompatible mode. Most of the signal and 
interlock switchingis accomplished by operation 
of standard double-pole,' double-throw relays. 
All the switching relays are in the computer, 
with the rnajority of them located in the 
electrical equipment rack, and the remainder 

' within the various modules of the computer. 
Detailed theory of operation of the interlock 
system and circuitry is found in NAVAIR 
01-85ADA-2-5.r. 
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CHAPTER 8 

POWER PLANT AND AIRCRAFT 
ENVIRONMENTAL SYSTEMS 



There have been vast improvements in 
aircraft design, construction, and functional 
purpose since man's first flight. A man sat in an 
open seat, had someone else start his engine, and 
his only means of controlling the aircraft were 
the engine throttle and a simple surface control 
lever. We have progressed from this stage of 
flight to the present ever-changing stages of 
space flight. 

Through necessity, because of increasing / 
complexity of navaLaircraft, a pilot must be able » 
to start and .control his engine or engines, and 
monitor their performance. At high level flights 
and sp»ieeds, he must be able tqi^, interpret all 
performance indicatioR^^nd make changes and 
adjustments to his numerous controls for 
optimum mission performance, including 
emergency procedure ope^t ions. ..when 
necessary. To function properly under these 
circumstances, the 'pilot must be in a . 
pressurized, temperature-controlled 
environment. 

This chapter includes the description, 
principles of operation, -and application of 
yarious power plant and aircraft environmental 
systems found in modem naval aircraft. Systems 
covered include engine temperature and variable 
exhaust nozzle control systems, engine 
performance indication and warning systems, 
electrical starting control system^, propeller 
feathering and synchrophasinfe systems, and 
aircraft pressurization and cabin temperature * 
control systems, 

.0 

. VARIABLE EXHAUST NOZZLE 
CO5ITROL SYSTEM 

The variabla'exhaust nozzle control system 
(fig. 8-1) is composed of electrical, hydraulic. 



and mechanical components which position the 
variable exhaust nozzle for exhaust gas 
temperature control and optimum thrust at all 
power settings of a turbojet engine. Nozzle area* 
is changed - according to engine operating 
conditions in order to obtain the desired thrust 
while maintaining safe operating conditions 
throughout the engine.* 

The nozzle area is scheduled by the nozzle 
area' control. The control uses three ^ signals 
(power , lever position, nozzle position, and 
exhaust gas temperature (EGT)) to ^regulate the 
output of the nozzle pump. The power' lever 
position, transmitted to the nozzle area control 
by the power lever Unkage flexible cable, 
Schedules the nozzle almost full openj up to and 
at idle rpm. When the power lever is advanced 
from idle, the nozzle closes to a smaller area 
(often referred to as the cruise area) following a 
mechanical schedule. 

As the power lever is further advanced, an 
electrical signal from the temperature amplifier 
causes the torque motor in the control to 
override the mechanical schedule. . From this 
point until military temperature is attained, the 
nozzle modulates according to a schedule 
determined by exhaust gas temperature and 
engine speed. This schedule permits rapid 
acceleration of the engine on a power lever burst. 
When military operation is reached; the 
temperature amplifier changes the signal to the 
torque motor and regulates nozzle area to 
maintain the desired steady state EGT. ^ 

The temperature amplifier receives a ^ 
millivoltage from the engine thermocouples in 
order to derive the controlling signal that is 
transmitted to the torque motor in the nozzle 
area control. The thermocouples measure the 
EOT after the exhaust; gas exits froin the 
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Figure 8-1.— Variable exhaust nozzle control system. 



thirdstage turbine wheel. A signal that varies 
with temperature is sent to the temperature 
amplifier, . and another signal is s^nt to the 
exhaust gas temperature indicator in the 
cockpit. On an afterburner light, the rate of 
change of engine speed is sensed in the 
tempfeKl^ure amplifier through the frequency of 
the power that operates the amplifier. This 
power is generated by the control altematpr. A 
circuit in the amplifier modifies the agnal to the 
torque .motor according to tile rate of change of 
erigine speed. This modified signal schedules the 
nozzle open to reduce the speed rollback. A 
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potentiometer, mounted on the nozzle feedback 
shaft in the nozzle area control, transmits a 
signal voltage of nozzle area to^ the nozzle , 
position indicator in the cockpit. * 

The variable exhaust nozzle is ' a 
converging-diverging type nozzle which changes 
the exhaust escape area to control exhaust gas 
temperature ^d provide optimum thrust at all 
power settings. The assembly is composed of aij^. 
internal primary nozzle of 24 flaps and an 
external-secondary ' nozzle d{ 24 flaps. The flaps 
of the* primary nozzle are hinged to the rear 
flange the tailpipe. The secondary nozzle is 
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secured by a stationary support shroud which is 
mounted onto the tailpipe by four brackets. The 
shroud is slotted to provide for thermal 
expansion and affords pivot points for the flap 
actuating mechanism. . The primary . and 
secondary flaps are linked together and 
controlled by four synchronized hydraulic 
actuators. When the flaps are in any position 
other than fuUy opeh, the primary flaps deflect 
the exhaust gases to a converging or narrowing 
stream. At the same time, secondary airflow 
along the outside of the engine is directed into 
the area between the primary and secondary 
nozzles. This forms a, cool air cushion on the 
inside of the secondary flaps and maintains 
convergence of the exhaust stream. When the 
nozzle IS fully open, the primary flaps do not 
deflect the exhaust gases and the exhaust stream 
is unrestricted. For a given power setting, the 
exhaust gas temperature is increased by^ 
decreasing the nozzle area. 

CONTROL ALTERNATOR 

The control alternator generates the 
electrical power that is supplied to the 
temperature amplifier. The control alternator is 
a single-phase ac generator with an 8-pole, 
permanent magnet rotor. The drive shaft is 
provided as part of the gearbox; therefore, the 
control alternator has no bearings and requires 
no lubrication. The stator winding is potted to 
protect the winding if oil leaks across the drive 
shaft seal. The control alternator is engine driven 
from the rear face of the transfer gearbox. 
Output voltage and frequency are proportional 
to engine sp^ed. 

THEPIOCOUPLE HARNESS 

Thermocouples convert heat energy frorti 
the engine exhaust gases into electrical signals 
which are used to indicate and control the 
engine operating, temperature. The 
thermocouple harness ^ consists of two 
half-sections. Each section contains six probe 
asseihblies connected .by formed, rigid piping. A 
probe assembly is comprised of a junction box, a 
harness mounting nut and flange, two 
looiHunction thermocouples, insulation and a 
housing to support the thermocouple wiring. 



' . and a cylindrical shield to protect the 
thermocouples. 

The assembled half-sections make up two 
independent thermocouple circuits, with each 
circuit consisting of 12 thermocouples 
connected in parallel. The harness is mounted on 
the turbine frame so that the probes extend into 
the exhaust gas flow slightly downstream from 
the No. 3 turbine wheel. Iri the thermocouple 
harness the thermocouples are combined into 
two circuits. The output of one circuit is routed 
to the temperature amplifier for use in 
controlling exhaust gas temperature. In this 
circuit the reference junction (needed for proper 
thermocouple circuit operation) is located at the 
temperature amplifier connector. The second 
circuit supplies a signal to the exhaust gas 
temperature indicator in the cockpit. 

For a review of thermocouple circuit 
operations, refer to AE 3 & 2, NAVEDTRA 
10348 (Series). 

TEMPERATURE AMPUHER 

The temperature amplifier transmits an 
electrical signal to the torque motor in the 
nozzle area control. This signal varies according 
to changes of engine ^speed and exhaust gas 
temperature in order to actuate the mechanism 
^ of the nozzle area control which, in tiim, 
schedules the area of the variable nozzle. During 
engine operation, fuel flows through a manifold 
on the^ underside of the amplifier to cool the 
internal components. 

During operation of the temperature 
amplifier several separate imits or modules inside 
the amplifier, and two components outside the 
amplifier, function to produce the final output 
signal that is transmitted to the torque motor. 

The temperature amplifier is shown 
. schematicaUy in figure 8-2. The ampli|ier 
contains a power supply transformer, a 
rectifying and voltage* regulating drcuit, and 
magnetic amplifiers to control the exhaust gas 
temperature. The thermocouple signal, which is 
a millivolt signal, is proportional to the exhaust 
gas temperature. This millivolt signal is fed into 
the amplifier at Jl. 

The control alternator supplies a voltage 
which is applied to the primary of the power 
transformer. The output of one secondary 
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winding is rectified and used as a reference 
voltage. This voltage is regulated before and 
after rectification by a saturable reactor and a 
^voltage regulating tube. The reference voltage is^ 
compared to the thermocouple .signal; the- 
difference is then amplified and a signal is sent 
out through J3 to the nozzle area control motor. 

If the' thermocouple voltage is' less than the 
temperature reference voltage, a signal is sent to 
the nozzle area control causing the nozzle atfea ^ 
to be decreased. If the thermocouple voltage is 
greatet than the temperature reference voltage; 
the signal sent to the nozzle area* control is of, 



opposite polarity, and the nozzle area .is 
increased. - 

A temperature compensating resistor in the 
thermocouple input circuit compensates for 
changes in ambient temperature. A resistor 
^across the thermocouple input connection is a 
fail-safe feature in the event of an open circuit in 
the thermocouple harness. Should this occur, 
the 'resistor provides a complete path ^m^he 
reference voltage, .pausing; j 
closes the nozzle' to ^pfeyeilH^^^^^^Bnir 
thrust. 
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The variable exhaust nozzle control system 
just discussed pertains to turbojet engines. In 
comparison, the variable exhaust nozzle control 
system used on our newest turbofan engines (TF 
30 used in the F-14A aircraft) is used for 
maximum thrust efficiency while in flight during 
afterburner operation; and' when the engine is at 
ground idle on the deck, the nozzle is scheduled 
wide open to reduce engine residual thrust. 
Opening of the nozzle during afterburner 
operation^ is basically controlled by throttle 
position and the turbine pressure ratio of the 
engine. Engine temperature is controlled by the 
fuel control. Since this is a hydromechanically 
controlled unit, the only electrical component is 
the nozzle position transmitter, which is used ■ 
for a cockpit indicator, Ipcated on the exhaust 
nozzle control. 

AUTOMATIC TEMPERATURE 
CONTROL SYSTEMS 

As previously mentioned, a control dev^ice is 
'a device which governs in sgme predetermined 
manner the electric power delivered to an ; 
• apparatus to which it is connected. An 
automatic temperature control system is an 
example pf such a device. Automatic 
temperature control systems are used on modem 
aircraft to control engine 'temperatures and 
cabin and vent suit temperatures/ 

Engine temperatures are usuaUy controlled 
through the use of fuel trimming circuits, while 
cabin and vent suit temperatures are regulated 
through 'the use of sensors and transistorized 
bridge ciruits. Cabin and vent suit temperatures 
are covered Jater in this chapter. A typical 
engine t-emperature control -system is discussed 
in the following paragraphs. - 

ENGINE CONTROL SYSTEM 

The engine control system used on a 
turboprop engine permits the operator to 
control engine speed (in the ta>ti range only), 
turbine inlet temiperature, and torque through 
the use of power and condition levers. These 
levers are connected to each engine coordinator 
by pushrods, sectors, cables, and puUeys. When 
the engine is operating in the flight range, engine 



speed is constant. Engine power is controlled by 
increasing or decreasing fuel flow, which results 
in a corresponding change in turbine inlet 
temperature. The system installed in the E-2 
aircraft is electromechanical . and provides 
electronic fuel trimming. 

The main components of the engine control 
system are as follows: 

1. Power levers ' 

2. Condition levers. 

3. ; Engine coordinators. 

4. Temperature datum controls. 

5. Turbine inlet thermocouples. 

6. 'Temperature datum switches. 

The block diagram of an engine control systerfi 
is shown in figure 8-3. ' 

Power Levers ■ ^ 

The power levers (one of each engine) can be 
moved separately or both at the same time to 
control engine power, witHin a range of settings 
from REVERSE (reverse thrust) to MAX 
POWER (takeofO. Switches within the cockpit 
pedestal are actuated by the power levers to 
supply electrical power to other systems. A 
detent at the FLT IDLE position prevents 
inadvertent movement of the p6wer levers 
below FLT IDLE (while airborne). To move the 
power levers to the taxi range,*the levers must be 
raisjed Trom the detent. During a 
catapult-assisted takeoff, a retractable catapult 
grip aids the pilot in maintaining the power 
levers at MAX POWER. [- 

Condition Levers 

The condition levers (fig. 8-3) are next to 
the power levers on the cockpit pedestal and 
have FEATH, .GRD STOP, RUN, and 
AIRSTART positions. Switches actuated at each 
condition lever position complete electrical 
circuits for other systems. Each condition lever 
has a detent. release handle which must be lifted 
to move the levers to different positions. A 
detent holds the lever at FEATH, GRD STOP, 
or RUN. When the condition lever. AIRST ART 
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position is selected, the propeller unfeathers and 
the engine 'starting cycle begins. The lever must 
be held in the AIR START position until the 
engine speed reaches 100^ percent rpm; when 
released, the lever springs back to RUN and 
remains there for all normal operation. When set 
to RUN, the condition lever positions the 
mechanical linkage to open the fuel shutoff 
valve. A mechanical stop in the pedestal prevents 
both condition levers from being^set to FEATH 
at the same time. When set . to FEATH, the 
condition lever electrically and mechanically 
closes the corresponding fuel shutoff valve and 
feathers the propeller. At GRD STOP, the 
condition lever electrically closes the fuel 
shutoff valve to shutdown the engine. 

Engine Coordinators 

The coordinators (fig. 8-3) are mechanical 
devices that coordinate the power and condition 
-levers, the propeller, the fuel control, and the 
electronic fuel trimming circuit. One engine 
coordinator is mounted on each fuel control. 
The main components of a coordinator are a 
variable potentiometer, a dfscriminating device, 
and a cam-operated switch. A scale calibrated 
from 0° to 90° is attached to th^ outside case; a 
pointer is secured to the main coordinator shaft. 
Pushrods connected from thei coordinator to a 
cable sector transmit power and condition lever 
movement to the coordinator. Power lever 
movement trans^fted to^ the coordinator 
changes the -ij^^istance of the variable 
potentiometer and changes the desired 
temperature reference signal, to the temperature 
datum control. The canj-operated switch 
switches the temperature datum control from 
temperature limiting to temperature controlling 
when the power lever is moved above. 66° 
coordinator indication and if engine speed is 
above 94 percent rpm. Movement of the power 
lever is transmitted to the coordinator and then 
to the propeller and fuel control through a series 
of rods and levers. When the condition lever is 
moved to FjEATH, the discriminating device 
mechanically positions the propeller linkage 
toward feather and closes the fuel shutoff valve 
in the fuel control, regardless of power lever 
setting. 



Temperature Datum Controls 

\ The temperature tdatum controls (fig. 8-3) 
are electronic units that automatically 
compensate for changes in, fuel density, 
manufacturing tolerances in fuel controls, and 
variations in engine fuel requirements^bctween 
engines. With the, power lever above 66^ 
coordinator (temperature controlling range) and < 
the TEMP DATUM switch in AUTO, the 
temperature datum control compares the actual - 
turbine inlet temperature signal and the desired 
temperatiire reference signal. If the difference is 
greater than . 1.9°C (4.5°F), the control • 
electrically signals the temperature datum valve 
to reduce or increase fuel flow to the engine, as 
required^ to bring the turbine inlet temperature 
to the desired value. A damping voltage is fed 
back to the control froni a: generator within the 
temperatue'^ valve motor to prevent 
overcorrection and stabilize the system. When 
the engine speed is above 94 percent rpm and 
the power Jeyer . is below 66° coordinator 
(temperature hmiting Fange), the normal limiting 
temperature is automatically set at 978°C 
(l3792°F), However, when the engine speed is 
below 94 percent rpm, regardless of power lever 
position, the Hmiting temperature, is set at 
830°C (1,5'24°F). to, prevent excessive turbine 
inlet temperature during starting and 
acceleration when the compressor bleed valves 
are open. ■ ' 

Turbine Inlet Thermocouples 

Dual-unit thermocouples (fig. 8-3) are 
radially mounted in the turbine inlet case of 
each engine. The junction portion of the 
thermocouples ;*jprotrudes through the case to ♦ 
sense the gas t6tnperature,before the gas enters 
the turbihe section\Four leaids, two of Chromel 
and two of AJumel, connect to each, 
thermocouple to form. two independent parallel 
circuits. One circuit 4s connected to the cockpit 
turbine inlet temperature indicator^, the other 
circuit supplies the temperature datum cojtitrol 
with temperature signals for the electronic ftiel 
trimming circyit. As the gases heat, the 
thermocouples,' an electromotive fprije generated 
in the thermocouples is transmitted through the . 
connecting wiring harness to the cockpit 
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indicator and the temperature datum control. 
Because the thermocouples are wired in parallel, 
the average temperature of the thermocout)les is 
transmitted. If one parallel circuit fails, the 
other circuit is not affected. 

Temperature Datum Switches 

The-left and right engine temperature datum 
(TEMP DATUM) switches are on the engine 
control panel |n the cockpit. Each switch has 
AUTO and NULL positons. (See fig. 8-3.) When 
the switch is set to AUTO and tl^^engine rpm is 
above ^ 94%, and the engine coordinator is above 
66°, the temperature datum control compares 
the turbine inlet temperature (represented by 
the output of the turbine inlet thermocouples) 
to a reference temperature (represented by the 
output of the potentiometer in the coordinator). 
If the temperatures differ, the temperature , 
datum control electrically signals t^ie 
temperature datum valve to bypass more orle^ 
fuel from the engine to keep turbine inlet 
temperature at the selected value. 

If the electronic fuel 'trimming cirpuit 
malfunctions, the TEMP DATUM switch niust. 
be set to NULL. The circuit is thereby' 
deenergized arrd turbine inlet temperature is 
controlled by the fuel control through 
movement of the power lever. Overtemperature 
protection is Ipcked out and the turbine inlet 
temperature indicator must be continually ^ 
monitored to prevent excessive turbine inlet ^ 
temperatures. 

ENGINE PERFORMANCE INDICATING 
AND WARNING SYSTEMS 

In the S-3 aircraft numerous engine 
performance indications are grouped in such a 
way that the observer can easily monitor and 
compare the operations of both engines at a 
glance* Some of the vertical scale indicators 
iUustrated in figure 8-4 not only show 
comparative scales between number 1 arid 
number 2 engines, but have monitor circuits that 
activate warning lights when out-of-tolerance 
conditions arise. Refer to AE 3 & 2, 
NAVEDTRA 10348 (Series), for internal 
vertical scale indicator operations. 



FUEL FLOW INDICATION 

The fuel flow indicator (fig. 8-4, (1)) 
contains two independent channels that indicate 
the rate of fuel flow of each engine in pounds 
per hour (pph X 1000). A fu^l flow transmitter, 
located on each engine, senses the fuel 
consumption rate. 

ESch fuel flow transmitter contains two 
pulse generation pickups. The two pickup 
exciters are mechanically coupled by a spring. 
One pulse generator provides the reference pulse 
and the second pulse generator provides a 
lagging pulse when fuel is flowing through the 
transmitter unit. 

The amount of time lag between the two 
pulses (a pulse train) is proportional to. the 
amount of .fuel flow. Each channel of the 
indicator contains the necessary .circuits to 
rtionitor this pulse train sijgnal from the fuel flow 
transmitter. This signal is applied to^ an 
electromechanical servoamplifier circuit that 
moves the indicator display tape to the proper 
position. 

RPM INDICATIONS 

T^vo engine speed indicators are used in the 
S-3 (fig. 8-4, .(2) and (6)). Gas generator speed 
indicator Nq indicates the speed of the engine 
gas generator. The gas generator is made up of 
the compressor, combustor, and the two-sjage 
pressure turbine of the engine. _ 

.A tachometer generator, mounted on the 
engine, hks an ac output with a frequency that is 
proportional to gas generator rpm. The indicator 
has a separate channel for <each engine that 
converts this signal into indicator output 
readings expressed in percent of total rpm (% X 
10). When ^ an engine's g4s generator speed 
exceeds 100%, a. yellow -warning light for that 
engine (3) illuminates at /the top of the indicator. 

Fan-speed imJiCa tor f^NF the speed 

of, the engine's fan., A; fan-speed transmitter is 
' mounted on the /frant ic assembly <of the 
engine. The transmitter .consists of a permanent 
magiet surrounded by a coil of wire. This 
pickup unit is positibned near ferrous nuts on 
the fan shaft. The proximity of these nuts, 
rotating past the magnetic field of the_pickup 
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1. 
2. 

3. 

4. 



' (FF) Fuel floiy indicator. 
(Nq) Gas generator speed 
indicator. ^ 

(Nq) Overspeed caution light 
(yellow). 

(I TT)^ Interturbine temperature 
indicator. 



5, (ITT) Overtemperature warning light 
(red). 

.6. (Np) Fan speed indrcator. 

7. (Np) Overspeed caution light 
(yellow). 

8. Takeoff rpm indicator marks.. 
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Figure &4.^Englne performance indicators. 
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pulses for each 



transmitter, general 
revolution of the shaft: 

The. pulse train output from the fan-speed 
. tAflsmitter is applied to the proper channel of 
tft0^-' indicator for that engine^ This sigrial is 
processed and . converted to a proper indication 
output di«)fey;(RPM X 1 000). Also contained in 
the .indicator is a reference generator and tuned 
Jogic circuit that illuminates a yellow Warning 
light (7) in the event of a fan overspeed. 

^ The takeoff rpm indicator marks (8) are 
movable markers that are mechanically adjusted 



before takeoff. They are used by the flight crew 
to emphasize the rpm limit. This is necessary 
because of different fan-speed maximums for 
different takeoff power settings." 

INTERTURBINE TEMPERATURE 
INDICATION / 

Interturbine temperature indicator ITP 
indicates to the pilot and copilot tile 
interturbine temperatu^ of both the left and 
righjt engines. Aft assembly" of five 
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thermocouples on the left side of the engine is 
used for engine temperature 'sensing. The 
thermocouples are connected in parallel; thus, 
the voltage transmitted to » the inferturbiri^ 
temperature indicator is the average output of 
the thermocouple assembly. 

Each channel of the indicaior contams the 
necessary electronic and ijiechanical devices, 
including a cold junction compensation! circuit, 
for proper indicator display iif degrees Celsius 
CC X 100). A monitoring /circuit also 
illuminates^ a red oyertemperature warning light 
(5) if t^ ,interturbine temperature exceeds 
specified limits. 

•^RErWARNINGSYSTE^t 

•:/f'Fire detection systems ^have^bemme an 
essential warning device in almost evejy naval 
aircraft. The system , warns the tfilot' by 
illuminating a "fire warning light" whenever 
thereJ is a fire or an overheat cpndjition in fljfigine / 
, nacelles or cavities. Figure 8-^ shows (a typical^ 
jet^ngine fire detection sensirig^^ifcuit. 



A schematic diagram 'Of a fire 'flotection 
system is shown in figure 8-6. A typical fire 
warning sensing element consists of ail Inconel 
(nickel, chromium, iron alloy) tube enclosing 
two Inconel wires that are separately embedded 
in a specially formulated ceramic electrolytic 
substance. This ceramic substance has physical 
and -electrical properties such that it has a high 
resistance at temperatutes below an^ Overheat 
condition temperature, has a marked decrease in 
resistance at temperatures /.approaching an 
Overhe* condition, aM cSri withstand heat- 
transients of 3, 000°F and' above! ; ^ 

When the temperature reaches an overheat 
Condition, the resistajice of the ceramic core' 
decreases so tlfaf^ a sm^ll current flows bet weeA 
the wir^. The^ coj^oi units, which are , 
■ate-se)a$it|ve and transistor operated, monitor, 
the resistance of the sensing elements and are 
triggered by a * drop in resistance of the sensing 
element. 

^ The control unit circuit consists of a relay 
^ coiiifoUed by a bistable multivibrator and a 
regulated power supply. Transistors QlOl and 
Q102 make up, the vibrator circuit which causes 




Figure 8-5.— Jet engine fire detection sensing circuit. 
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relay KlOl to energize when the circuit is 
triggered. Transistor Q103, resistor R107, and 
diode CRIOS are used to maintain voltage 
regulation because the circuit is sensitive to any 
voltage variations at the sensing elements. 
Capacitor CI 01 is the circuit elehient which 
provides rate sensitivity. 

When the fire detection test switch is 
actuated, 1 1 5-volt ac power is routed to the fire 
detector test relay. Energizing the fire detector 
test relay shorts the inner conductors together, 
simulating a resistance reduction in the sensing 
elements. All the control units then function as 
if an actual fire or overheat condition existed. 

ENGINE START CONTROL SYSTEM 

In discussing an engine start control system, 
what is commonly referrecl to as engine starting. 



ignition, and fuel control systems will be 
combined. This will give a better picture of how 
these systems interrelate than if discussed 
separately. The T-56 enginjy^ed in the P3C 
aircraft is used as' the traiilW*vehicle in this 
discussion. Refer to figure 'WT^and^ table 8-1 
throughout this discussion. 

DESCRIPTION OF MAJOR COMPONENTS 

Air Turbine Starter 

*te : :r turbine starter (not shown in fig, 
S-'l ) i . pneumatically driven and mechanically 
connected to the engine through a gear box. The 
air turbine starter is operated by compressed air 
from an external gas turbine compressor (GTC), 
the internal auxillairy power unit (APU), or 
bleed air from an operating engine. The 
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Table 8-1.-Engine starting sequence 
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compressed air is routed through a manifold, 
through* an engine isolation bleed air valve, and 
through a starter control valve into the starter's 
turbine. 

The engine start switch, located in the 
cockpit, controls the opening of the $tarter . 
control valve which allows compressed air to 
enter the air turbine starter, A holding solenoid 
connected through the speed sensitive control 
holds the engine start switch on until the engine 
speed reaches 65% rpm. 

Speed Sensitive Control 

The speed sensitive control, located on the 
engine, contains internal switches which activate 
at three predetermined intervals relative to the 
engine's normal speed- 16%, 65%, and 94% of 
engine rpm. Activation of these switches 
controls numerous operations in the engine start , 
cycle, ; '. ''V ■':V-^'^' 

Ignition Exciter ' ' 'v 

The ignition exciter is a dual elecfrbmc 
ignition unit which utilizes 28-volts dc through 
the ignition relay and steps up the voltage to a 
proper level for firing the igniter plugs, (If 
necessary, refer to ^l^ i & 2, NAVEDTRA . 
10348 (Series) for igniter plug operation,) The 
exciter unit contains two identical circuits, each 
one independently capable of firinjg its own 
igniter plug. The: ignition relay is energized 
through the speed sensitive control so that the 
exciter is in operation between 16% and 65% 
rpm. 

Enipie Fuel Pump and Filter 

pump and high-pressure .filter > 
■asseipbly, - is attached to the rear of the ' 
a<:0e.s^ri^ .\case and consists of a centrifugal 
^.boost .puiTip, two gear-type pressure elements, 
and a hi'^pressure filter. 

Fuel entering the pump assembly passes 
through the centrifugal boost pump which raises 
the pressure to a minimum value. Fuel passes' - 
through the low-pressure filters before going to 
the secondary element. There is a differential 
pressure switch connected across-the inlet and 
outlet of the filters. If the pressure differential 



exceeds 7,5 psi, the switch closes and completes 
a circuit to a filter light at the flight deck. Fuel 
then flows to the primary element and through 
the high-pressure filter assembly before entering 
the fuel control. Both the low- and high-pressure 
filters have bypass valves which open if the 
filters become clogged. 

The capacity of the pump primary elements 
is 10 percent greater than that of the secondary 
element. If the primary element should fail, the 
secondary element will provide sufficient flow 
to operate the engine, . 

During engine starting, the elements operate 
in parallel to provide sufficient fuel flow at low 
rpm; at other times they operate in series. 
Parallel pperation occurs during starting when 
engmespeed^i^^ approximately 16% and 

65%,; rpniw ; both elements are operating 
propi^iflyjp'the paralleling light will be on between 
16% and 65% rpm only. If the secondary 
element has failed, the light will never come on; 
if the primary element has failed, the light will- 
be on above 65% rpm, \ 

Fuel Control 

The fuel control is mounted on trifc^; 
accessories drive housing and is mechanically ; 
linked to the coordinator. The fuel contpl 
provides a starting fuel flow schedule which, in 
conjunction with the temperature datum valve, 
prevents overtemperature and compressor surge. . 

The fuel control is scheduled 20 percent 
richer than the nominal engine require men t$ to- 
accommodate the temperature datum. 'A^alVe^ 
which bypasses 20^ercent of the control odf put ^ 
when in the null position. This excess flow tp) 
the temperature datum valve gives - it. the^- 
capacity to add as well as subtract fuel to ' 
maintain the temperature scheduled 'by -thcl 
coordinator and the temperature datum control. 

The fuel control includes a cutoff valve for^ 
stopping fuel flow to the engine. It can be 
actuated either manually or electrically. When 
starting the engine, the cutoff valve remains 
closed until the engine reaches 16% rpni. The 
speed sensitive control then opens the cutoff 
valve, permitting fuel to flow to the engine. 
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Fuel Nozzles 

The fuel output from the temperature 
datum valve flows through the fuel manifold to 
the six fuel nozzles. Fuel flows through both the 
primary and secondary nozzle orifices during 
normal operation, and thrdu^ only the primary 
orifice at low fuel flow rates. 

Fuel Control Relay 

The fuel control relay is a 5AILSAFE-type 
relay that is energized when the FUEL and 
IGNITION SWITCH is in the OFF position, or 
when the propeller is feathered. With this 
arrangetjfient, the engine can still operate if 
electrical power is lost during flight. If the pilot 
wishes to shut the engine down, he can do so by 
placing the FUEL and IGNITION SWITCH in 
the OFF position, or by feathering the prppStler. 
Powerv is'then directed to the FUEL CQISJ^^OL 
SHUTOFF VALVE which, closes anci^^tops/all 
fuel to the engine. ( ^ 

Starting Fuel Enrichment ' 

The primer switch (with two positions, ON 
and springloaded OFF) operates the fuel 
enrichment (primer) valve to provide inqrefased 
fuel flow during engine starting. In additibri to 
the normal fuel flow through the fuel cbntrol, a 
bypass line allows i^ump dis^^^arge fuel to enter 
the system downstream of the metering portion 
of the fuel control,- but upstream of the fuel 
control cutoff valve. This fuel is directed to the 
temperature datum valve, and then to the fuel 
manifold and nozzles. The primer switch must 
be placed in the ON position and held there 
prior to the engine reaching 16% rpm. Further, 
it must be kept ON until the fuel control cutoff 
valve opens:at 16% rpm or enrichment will not 
occur. The enriphment (primer) valve closes 
when fuel pressure in the fuel manifold reaches 
50 psi. Fuel enrichment is needed only in very 
cold climates. 

Temperature Datum' Valve 

The temperature datum valve is located 
between the fuel control and the fuel nozzles. It 
is a motor-operated bypass valve which responds^' 



*T^v^^ — 

to signals received from the temperature d^ufn 
control. In power lever positions between 0° and 
66° the valve remains in a null position and the 
engine operates on the fuel 'flow scheduled by 
the fuel control. The valve remains in the null 
position unless it is signaled by the temperature 
datum control to limit turbine inlet, 
temperature. The valve then reduces the fuel 
flow (up to 50 percent during starting, 20 
percent above 94% rpm) by returning the excess^ 
to the fuel pump. When turbine inlet 
temperature is lowered to the desired level, the 
temperature datum control signals th« valve to 
return to the null position. 

In power lever positions between 66° and 
90° the temperature datum valve acts to control 
turbine inlet temperature to a preselected 
schedule corresponding to power lever position. 
This is the temperature controlling range. In this 
range the valve may be signaled by the 
temperature datum control to allow more 
(higher temperature desired) or allow less (lower, 
temperature desired) fuel to flow. 

Drain Valves 

A spring-lo^di^d, solenoid-operated manifold 
drain valve is Jocated at the bpttom of the fuel 
rfianifold. It drains the fuel manifold when fuel 
pressure drops below 8 to 10 psi, minihiizing the 
amount of fuel dropping into the combustion, 
liners while the engine'unit is being stopped. 

Compressor Bleed Air Valves 

To reduce the compressor load on the 
starter, air is bled from the fifth and tQnth stagfel 
of the compressor through eight pons on jHiAi * • 
compressor housing. During starting, the bifida ; j 
valves are held open up to 94% rpm .by^^/y 
compressor air pressure, At 94% rpm the ipc9d ; , 
sensitive valve ports compressor discharge air to ' ■ ! 
close the bleed valves. ' 

ENGINE START CYCLE OPERATION , 

The following sequence of eVejlits are typical ' • 
of a normal engine start cycle. External r. 
compressed air and electrical power are being 
applied to the aircraft, and all othfcr system. ' 
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switches are in the proper pbsition for an engine 
start. 

The operator places the ENGINE START 
SELECTOR SWITCH to the ENGINE NUMBER 
1 position. FUEL and IGNITION SWITCH, 
ENGINE 1 is placed in the ON position, 
deenergizing the FUEL CONTROL RELAY. 
This allows power to pass through the contacts 
of the FUEL CONTROL RELAY, the 16% 
SPEED SENSITIVE CONTROL SWITCH, arid 
the FUEL MANIFOLD PRESSURE SWITCH to 
energize the TEMPERATURE DATUM RELAY. 

,/hen the ENGINE START SWITCH is 
depressed, current flows through the ENGINE 
START SWITCH, the ENGINE START 
SELECTOR SWITCH, the STARTER 
CONTROL VALVE, and the 65% switch in the 
SPEED SENSITIVE CONTROL to ground. 
Current also flows through the ENGINE START 
SWITCH holding coil to ground through the 
same 65% switch in the SPEED SENSITIVE 
CONTROL. 

With power applied to the STATJfTER 
CONTROL VALVE, the valve is opened. This 
allows compressed air to flow to the air turbine 
starter, and also closes the contacts of the AIR 
VALVE POSITION SWITCH. The yellow 
STARTER VALVE LIGHTS illuminate to show 
the. operator the STARTER CONTROL VALVE 
is open. The air turbine starter now causes 
engine rotation. ■ 

I If fuel enrichment is needed the PRIMER 
SWITCH must be depressed and held in the ON 
position until the engine reaches 16%. Power i§ 
then supplied through the PRIMER RELAY 
contacts and the TEMPERATURE DATUM' 
RELAY contacts, energizing the PRIMER 
VAlVE SOLENOID. • ' - 

When the en^ne reaches approximately 16% 
rpm, the SPEED SENSITIVE CONTROL.^ 
mechanically, actuates the 16% .switch from 
■<16% to >I6%. Power is then routed thFeqth 
the <65% switch- contacts, energj^iitg the;. 
IGNITION RELAY. Power then flows through 
.the IGNITION RELAY contacts, ener^zing the. ^ 
if UEL PUMP PARALLELING SOLENOID, "the 
DRIP'; VALVE SOLENOID, and the IGNITION 
EXCITER. Power is also sent to the FUEL 
CONTROL SHUTOFF VALVE, aUowing fuel to 
J, enter the engine fuel manifold. Extra fuel for 
fuel enrichment (if used) is sent to' the 



temperature datum valve. The TEMPERATURE 
DATUM RELAY is maintained energized by a 
holding circuit that consists of the lower 
TEMPERATURE DATUM RELAY contacts ^nd 
the FUEL MANIFOLD PRESSURE SWITCH; 

As engine speed increases, , the fuel pressure 
increases. When the fuel, manifdld pressure 
reaches 50 psig the FUEL MANIFOLD 
PRESSURE SWITCH opens, causing the 
TEMPERATURE DATUM RELAY to 
■deenergize, stopping fuel enrichment. When the 
secondary fuel-pump, pressure exceeds 150 psig, 
a paralleling light is illuminated to show the 
operator that the fuel pump is operating in 
parallel. 

At approximately ,65% rpm the 65% 
switches in the SPEED SENSITIVE CONTROL 
open to deenergize the IGNITION RELAY. The 
.IGNITION RELAY removes power from the 
IGNITION EXCITER, the FUEL PUMP 
PARALLELING SOLENOID, and the DRIP 
VALVE SOLENOID. The fuel pump now 
operates in series and the DRIP VALVES are 
held closed by fuel pressure in the fuel manifold. 
The STARTER CONTROL VALVE and the 
ENGINE START SWITCH lose their commoii , 
ground, and current flow ceases through those 
circuits. The STARTER CONTROL VALVE 
closes, stopping air flow to the air turbine 
starter, and the ENGINE START SWITCH 
opens. The AIR VALVE POSITION SWITCH 
opens, causing the STARTER CONTROL 
VALVE LIGHT to go out. This completes the 
engine- start cycle. 

When engine speed increases above 94%, 
contacts, in the SPEED SENSITIVE CONTROL 
(cifcuit not sbovyn) deenergize the temperature 
datunr valve ta)<.e;i|^)leri.oid,;>redudng the amount 
of fuel take cat^^j^iilti/^^l'j-oijj^ S 




iirK^iS^^^^ViTtC':wiitm is switched from the ' 
tempera tyrjgjUraiti^^ of operation to the 
X^X^'^tr^X^^'pl^^Wiixv^ range of operation. • 

AIRCRAFT PROPELLER 
SYNCHROPHASING 

The propeller s y n chrophaser system 
discussed here is common to the P-3 and C-I30 
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aircraft, which use T-56 turboprop engines. The 
purpose of this discussion is to explain the 
electrical operation of controlling and 
synchrbphasing the hydromatic propellers of 
multiengine aircraft. , - 

-PROPELLER GOVERNOR 

Atprdpieller governor is a control device that ' 
is used td control engine speed by varyirig the 
pitch of the propeller. Increasing the propeller 
pitch adds load oa the engine in terms of 
increased thrust of the propeller, thereby ' 
reducing engine speed; conversely, decreasing 
the propeller pitoh reduces engine load ;and 
therefore increases its speed. Hence, engine speed 
is a function of propeller pitch. Furthermore, if 
the, propeller governor setting rep]aii\$v.h 
unchange^, any variation of power prod«uced byv 
the engine is. translated into a corresporiding^^^^ 
variation of propeller thrust by varying J he, . 
propeller pitch while engineS speed reipain? 
constant. Optimum efficiency of an engine, osLV ; 
best ,,, r^^alized when its speed is constant; 
therefore, the propeller governor serves ip 
achieving engine efficiency. > 

The pitch of hydromatic propeller blades i^ 
-varied hydraulically by porting oil that has been 
boosted to the required pressure onto the 
propeUer piston which is located in the propeller 
dome. The action on the piston is transmitted ' 
through a geared cam mechanism which rotates 
the propeller blades to the pitch desired. 

The governor is the ponstant speed control 
device used in conjunction with the hydromatic 
' propeller. The butput oil of the pump can be 
directed to either the inboard or the outboard 
side of the propeller piston. 

Propeller operation, is divided into-, two 
separate ranges— the flight range, which includes 
the takeoff fpll after the power levers are moved 
forward for ^takeoff, and the ground operating 
range in which the power levers are aft of the^ 
flight— idle gate. In the ground operating rtiVige ,; ^ 
(taxi range), propeller blade angle is determinQid 
directly by the power lever position through, a 
hydro mechanical system which meters / pU,': 
pressure to either the increase or decrease side of ' 
the propeller dpjne. As the power lever is moved 
forward, tdKvard FLIGHT IDLE, there is a 
simultaneous increase in blade angle and increase 
in fuel flow to the engine to provide the 



increased poNver demanded. As the power lever 
is moved aft from FLIGHT 'IDLE, blade angle 
decreases and fuel flow, decreases, thus reducing 
power: As . blade angle decreases to the" point at 
which the propeller is delivering negative thrust, 
fuel flow begins to increase. Reverse power 
continues;- to inci^ease until the' power levers 
reach the full: aft ^position. During -operation in 
the ground operating range there is no electronic 
governing. ' 

In the flight range of operation, when the 
power lever is forward of the flight-idle gate, a 
flyweight governor driven by propeUer rotation 
mechanically controls propeller speed. In* 
normal operation the pitch-change oil is directed 
through the feather valve to, either the 
increase-pitch or decrease-pitcl^ portion of the 
\pr.oj^eller, so that approximately 100 percent 
;rprn'iS.Tnaintained. . ' 



SYNCHROPHASING 

■ ' i' 

, "rrhe synchrophaser has different functions; 
depending upon th^ mode of goverhing selected 
by the flight crew,^ In 'a mechanical governing 
mode, the synchrophase? does not function and 
the mechanical governor controls blade pitch, 
and hence , propeller rpm, during flight. In a 
normal', governing mode, the synchrophaser 
s u pplements the mechanical governor Jdv; 
limiting engine transient speed changes frSwi 
rapid power lever movement, or to changes in 
flight conditions affecting propeller speed. 

In a synchrophasing governing mode, the 
synchrophaser supplements the mechanical 
governor by maintaining all propellers at the 
same rpm and, furthern^ore, by maintaining a 
preset phase relationship between the No, 1 
blade of the master propeller and the No, 1 
blades of each of the slave propellers. This serves 
to^ reduce noise and vibration in the aircraft. In 
the synchrophasing mode, the syn<^hrophaser 
also., provides,; the limiting of , transient, spped ^ 
changes as it does in normal governirig. ; . 

d^StRIPTION OF V - 

MAJOR COMPONENTS > 

The synchrophaser system consists of four 
main units: (1) the pulse generator, (2) the 
phase and trim control, (3) the speed-bips servo 
assembly, and (4) the synchrophaser. (See fig. 
8-8,) 
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Figure 8^.-Synchroph8ier control Khematic diagram.' 
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E rJc ^^""^ 8-8.-Syn<ihrdphaier control schematic diagram. 
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Puke Generators ' 

The pulse ^generator provides the^ 
information needed by the synchrophaser 
system 'to produce speed and phase control of 
the aircraft propellers. Each propeller has a pulse- 
generator which consists of a permanent magnet 
mounted on the propeller spinner and a 
stationary coil mounted 'in the governor control 
in close proximity to the. rotating permanent 
magnet.' A pulse is generated each time the 
permanent magnet passes by the coil; in othei*^ 
words, one pulse is generatec^ for each revolution' 
of the propeller. ^ 

Phase and Trim Control ^' ^^ 

The phase and trim control functions as a 
means of setting the phase relationships between 
master and jslave propellers, and as a means of 
• trimming the master en^ne. , 

The phase and . trim control consists of seven 
potentiometers which receive a fixed dc voltage 
from the synchrophaser. The wiper of the 
master trim ix)tentiometer supplies a voltage 
through the master select switch to the 
synchrophaser to^trim the' speed of the master 
engine. The other six wipers are connected to 
relay contacts which separate the wipers into 
two groups of three per group, corresponding to 
engines 1, 3, and 4 when . engine 2 is master and- 
engines 1 , 2, and 4 when engine 3 is ma^. 
These wipers supply bias voltages to the* phase 
■correction circuits of the synchrophaser to set 
propeller phase angles. of^ other than 0° - 

Speed-Bias Servo Assembly ^ 

The speed-bias servo assembly functions as a 
means of translating synchrophaser electrical 
signals into a mechanical bias on the sp^^^er 
spring in the mechanical governor. ' fV^ 

The synchrophaser supplies the electric 
motor with a reference voltage which is '90° 
out-of.phase with the aircraft 400-Hz source. 
The synchrophaser also supplies a control 
voltage which is either in^phase or 180° 
out-of-phase with the aircraft 40lO-Hz source. . 
Hence, the in-phase control voltage lags the 
reference voltage by 90° and results in 
counterclockwise motor rotation • when viewed 



from the output gear of the electric brake. Tjie 
180° out-6f-phase control voltage leads the 
reference voltage and causes clockwise rotation. 
The amplitude of the control voltage determines 
motor speed and torque output. ^ 

The motor drives a reduction gear train 
which in turn drives a potentiometer wiper and 
. the electric brake. Thevpotentiomi^er receives a*^ 
fixed dc supply froni the synchrophaser across 
its resistive element. When the motor rotates, the 
wiper tfansirnits a corresponding feedback ' 
voltage to signal winding No, 2 of the" magnetic 
modulator. The electr^p brake has a clutch . 
contrglled input and output :shaiFt. The output 
shaft drives a lever which biases the speeder 
spring in the propeller governor. Energizing the 
clutch decpU^^les the two shafts, locking the 
output shaft dnd leaving the input shaft free to 
turn. I 

The Synchrophaser " , 

The synchrophaser has. four channels (onjy 
two channels are shown in fig. 8-8) whidh . 

i correspond to the aircraft's four engines. Each 
channel has a push-pull power amplifier which 
feeds the control Winding of its corresponding 
servomotor h\ the speed-bias servo assembly. 
The inputs to the push-pull amplifiers ate 
furnished by magnetic modulators which use dc 
control current to provide a phase and 
amplitude contrblled ac output to the 
amplifiers. Accordingly, all synchrophaser signal 
ifjputs are changed by the synchrophaser to dc 
voltages* proportional to the error before being 
applied to the modulator. The modulators are 
the signal summing devices for the~ two,,_ 

^ operational modes of the synchrophaser. 

The magnetic modulators function on a core 
saturation ,basis. Each modulator consists of a dc 
bias winding, a. 400-Hz excitation windmg; and 
two control^^wiM (signal winding Na 1 and 
signal winding^ No. 2). With no signals applied 
elsewhere, the 400-Hz excitation voltage appears 
as a 400-Hz output of negligible amplitude due 
to the current in the bias winding. Any current 
in either or both signal windings will change the 
output. The magnitude of the current in the 
signal windings controls the amplitude of the 
output; the direction of the current controls the 
phase of the output. Thus, current from pin 10 
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to 9 in winding No. 2, and current from pin 8 to. 
7 in winding No. 1 of any modulator produces a/ 
1 80° outrof-phase. voltage, with respect to the 
excitatid^^ Current in tile /Ojpposite 

direction in the sijgnal windings vproduc'ies an 
in-phase vojtage. Simultaneous curfents-ilowing 
in opposite directions in the two signal windings 
produces a signal which is the algebjaic sum of 
the two generated signals. The moudlator thus 
produces a 400vHz signal which is either ih-phase 
or 180° outK)f-phase with the excitation voltage. 
This signal is amplified' and fed to the 
servomotor control winding. The 400-Hz voltage 
in the reference winding of the servomotor is ^ 
applied through a .series capacitor which gives 
the'A^oltage a 90° phase shift with respect to th^ 
aircraft power source. Appropriate signals to the 
modulators can cause" clockwise or 
counterclockwise rotatidh of the motor because 
oi[ the phase difference in the -motor windings. 
The use of the two signal windings in the 
mpxiulators along 'with appjopriate relay . 
switctiing permits the two modes of operation o/ ' 
the synchrophaser-normal governing mode and 
synchropha^ing mode. 

OPERATIONAL MODES 

The normal governing mode is used, to 
provide improved engine response to tranisient 
rpm changes. In this mode, the synchrophaser 
receives , signals from the power lever 
anticipation ^potentiometers and the engine 
tachometer generators. Signals from these result \ 
in a temporary resetting of the mechanical 
propeller governor to compensate for power lever . 
changes and engine speed changes, thus limiting 
engine overspeeds or underspeeds. * 

The synchrophasinjg mode is 'used to 
synchronize engine speeds, to 'regulate propeller 
phase angles, and to maintain the limiting 
features . of normal governing mo(le. In the 
synchro phasing mode, one engine (2 or 3) is 
selected as^ the master. The master engine 
operates, in normal governing mode While the 
other thre^ engines (slaves) follow changes in 
speed or phase of the master within preset 
limits. (Fig. 8-8 shows' the synchrophaser . 
control schematic diagram with engine No. 2 
selecied as master and engine No. 3 is slave. 



Slave engines 1 and 4, whicff operate the same as 
slave engine No. 3, are omitted for clarity.) 

Normal GoyiBming Mode 

, " . . 

Jn normal governing mode, the propeller* 
governor switch is in the NORMAL position'^nd 
the power lever switch is closed, thus providing 
reference voltages to the servomotors. The 
synchrophase -master switch is OFF and the 
PROP RESYNCH switch is in NORMAL. AU 
relays are deenergized, resulting in the speed ^r^d 
phase error circuits being grounded. Each phaje^ . 
and speed-error signal side of every magnetic 
modulator signal winding No. 2 (pin 10) is 
terminated on a dummy load (flg. 8-9) within 
the synchrophaser, while the other side (pin 9) is 
connected to the feedback circuit in the 
speed-bi^s servo ' assembly. The controlling 
signals are 'applied to signal winding No. I (pin 
8) of each modulator. All channels function 
identically while in the normal governing mode. 

THROTTLE LEVER ANTIC1- 
PATION.-Any power lever movement 
capses a change in dc voltage at the anticipation 
potentiometer wiper which serves as a voltage/ 
divider for the RC circuit. The cliarging voltage ^ 
for the capacitor is directly proportional to the 
position of the . power lever. The change in 
charge on the capacitor is directly proportional 
to the rate at which ^the powerjever is moved. If 
the power lever is moved to decrease engine 
power, the capacitor charges up to a more 
positive voltage value, resulting in a current from 
pin 7 to pin 8 in signal winding No. 2 of the 
magnetib 'modulator. A lagging voltage ^ surge 
appears in the servomotor control winding, 
causing counterclockwise rotation which resets 
the mechanical governor towards decrease pitch 
to compensate for the reduced power setting. As 
the servomotor rotates^ the feedback- 
potentiometer begins cancelling the error signal 
by causing a current in signal winding No. 2 such 
that its ^magnetic, field is in opposition to the 
magnetic field produced by the signal current in . 
winding No. 1. This stops 'the servomotor. As 
the anticipator capacitor continues to charge to 
its new peak value, the current in signal winding 
No. 1 decays to zero. The feedback 
potentiometer, Still applying voltage to signal 
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Figure 8-9.— Power lever anticipation and speed derivative circuits in normal goverpinq mode; 



winding No» 2, results in a leading voltage to the 
servomotor control winding and rdturns the' 
motor to its original position; which corresponds 
to a zero-volt feedback potentiometer position. 
Had the throttle lever been retarded very 
rapidly, the peak voltage would have overcome 
the reverse bias on diode' CR620 (fig. 8-9), 
which would limit the signal .value to prevent 
overcompensation toward a flat blade pitch. For 
an increase in engine power the capacitor 
discharges, causing a current in tlie opposite 
direction in signaKwinding No. 1, which results 
in a temporary resetting, toward increase pitch. 
ThQ amount of reset in either ^case depends on 
the rate ^t which the lever is moved. Mechanical 



stops in the speed-bias servo assembly limit 
speed resets to plus 10 and minus 10 percent 
regardless of the applied signal. Furthermore, 
stops in the propeller control valve housing 
linkage reduce the limits fo plus 6 and minus 4 
•percent. 

LIMITING ENGINE TRANSIENT SPEED 
CHANGES.-The speed derivative circuit in the 
' synchro Phaser (fig. 8-9) senses changes in engine 
j'rpm ana produQ^s output signals which dampen 
the engine rpm'^-changesr^The^ speed derivative 
circuit dQes this .by translating the frequency 
changes received from*' one phase of the 
tachometer genefator into signal voltages. ^The 
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magnitudes of the signal voltages vary the rate 
the tachometer generator frejjuwcy changes. 
The signal voltage is fed to signal Winding ?Jo.. 1 
of the magnetic modulator whorait is sun^ra^iii 
and sent to the push-pull ampHner. It is then 
amplified and fed to the servomotor conttol 
winding. The servomotor adjusts the^ tenision of 
the speeder spring which initiates a change in 
propeller pitch, thus dampening the change in 
enginerpm. 

Xhe action of the speed derivative circuit is 
further described as follows: The voltage 
produced on the collector of transistor Q603 is 
proportional to the output frequency of the > 
tachometer generator. When engine rpm is 
constant, the voltage on the collector is constant 
and capacitor C621 is charged through resistor 
R634 aifdssignal winding No. 1 of the magnetic 
modulator. Current in signal winding No. 1 
decays to zero as the charge on capacitor C621 
reaches the potential on the collector of 
transistor Q603. When engine rpm changes, a 
change in the collector voltage of transistor 
Q603 proportional to the change in tachometer 
generator frequency causes capacitor C621 to 
change its charge at the rate in which the 
tachometer generator frequency is changing. 
This produces a current in signal winding No. 1 
whose magnitude varies at the rate at which the 
engine is varying offspeed, and whose direction 
is such that the amplified signal in the servo-bias 
assembly control winding drives the servomotor 
in a direction to dampen the drift in engine rpm. 

Speed error signals in signal winding No. 1 
from the speed-derivative circuit are canceled in 
the same manner as anticipation signals from the 
anticipation circuit are canceled. 

The speed-derivative and power-lever 
anticipation circuits are much more sensitive to 
engine rpm changes than the flyweight speeder 
spring in the mechanical governor. Therefore, 
tJje governing action of the flyweight and 
jXfieeder spring improves the mechanical 
governor's response to changes in power-lever 
fcttings and to changes in engine rpm. 

Synchrophaser Mode 

■f 

In adding synchrophasing to normal 
governing mode, either ENG 2 or ENG 3 is 
selected by the synchrophase master switch (fig. 



8-8). When the master engine is selected, relays , 
.are energized which remove the dummy loads 
from signal winding No. 2 of all magnetic 
modulators, except the modulator of the master 
channel. Also, the outputs of the speed-error 
and phase-error circuits of each synchrophaser 
channel .(except the master) are removed from 
ground and cpnnected to signal winding No. 2 of 
their respective modulators. While the slave 
engines are in synchrophasing motU , ihc master * 
engine remains in normal govenung mode >nly. 
Essentially j pulses from the 7as^^ ^^gi > are 
formed into sawtooth waves a:. ' Mnpared 
with the .pulses from each of the i>iav^ engines in 
the respective slave channel sampling circuits. If ' 
slave pulses are not in phase with the master 
pulse (sawtooth), errors are detected in tAe 
respective synchrophaser channel. The errors sire' 
then fed to signal winding No. 2 of the channel 
magnetic modulator where they are summed - 
with any error signals that may , exist in signal"^ 
winding No'. I . The resultant of the error signals ' 
is amplified and fed to the control winding of 
the respective speed-bias servomotor, which 
alters the tension of the slave governor speeder 
spring, |hus correcting for engine speed 
differences and propeller blade angle errors. 
(One channel of the synchrophasing circuit is 
shown in fijgure 8-10.) 

Phase- and speed-error sensing is described in 
the foUowing paragraphs. 

SAWTOOTH FORMER.-The pulse from 
the master pulse generator is 
transformer-coupled to the sawtooth former, 
whereas the' slave pulse generators are 
trasforrner-coupled to the channel sampler 
circuits; Figure 8-1 1 (A) and (B) iUustrates thg 
master pulse and the resultant sawtooth formed 
in the sawtooth former. 

SAMPLING CIRCUITS.-Pulses from the 
three slave engines are coupled to the grids of 
the sampling circuit tubes, while the sawtooth 
voltage is applied to the plate of one tube and 
the cathode of the other tube in all sampling 
circuits. The positive goj^g portion of the slave 
pulse places the tubes in a conductive state. 
(Since sampling is the same in all channels, only 
one channel is discussed.) Referring to figure 
8-10, if the sawtooth i^ at zero potential at the 
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Figure 8-10.~^ynchrophaser schematic diagram, synchrophaser mode (slave channel). 
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time the slave pulse occurs, neither "tube 
conducts and no signal is applied to the phase 
difference and speed-error circuits. If the 
sawtooth is in the positive region at this time, 
tube V205 conducts. The corresponding voltage 
changes are applied to the grid of phase 
difference tube V206A. 

The nature of the sampling action can be 
seen by referring to figure 8-11. The time 
interval between master pulses is the time 
interv'il for 360° of propeller rotation as shown 
in figure 8-1 1(A). The time interval of the 
sawtooth which is generated by the master pulse 
is 360° as shown in (B). Tlie half-time interval, 
or 180° position, is the sawtooth ^ero potential 
point as shown in (C). When the slave pulse 
occurs at the zero point, the propeUei^ are 
on-phase and there is a 180° phase difference 
between them. All references to slave pulses are 
given with respect to the 360° interval, and the 
point of occurrence of the slave pulse 



de'termines the magnitude of signal developed in 
the sampler circuit as shown in (D). This signal 
represents the phase difference between 
propeUers. 

NOTE: Since the propellers are four bladed, 
the relative blade position between the master 
and slave propellers \% exactly the same when the 
slave propellers differ from the master by 
one-half revolution. Therefore, a 180° phase 
difference is considered as an on-phase condition 
in pulse comparisons. 

PHASE DIFFERENCE CIRtUITS.-The 
phase differejice circuits receive the voltages 
generated in the sampling circuit at the grids of 
the respective tubes. Witl^'*' - a 1 80° phase 
difference signal at the grid of V206A (fig. 
8-10), the voltage at the wiper of potentiometer ^ 
RP251 is adjusted to null or zero volts. This 
voltage changes proportionally with the grid 
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signal from the sampling circuit, and hence 
represents the phase difference between 
propellers. The effect of this voltage on 
synchrophaser output is discussed subsequently. 

> 

OFF-SPEED CIRCUITS. -When the. 
propeller goes offspeed, the sampling circuit 
senses the condition as a sharp voltage change. 
(When the slave propeller is on-speed, the slave 
pulses occur at the same time interval in each 
successive sawtooth cycle.) When an underspeed 
or overspeed condition develops, slave pulse 
occurs at a different position for each sawtooth 
cycle until, at one point, the slave pulse falls up 
or down the sawtooth (fig. 8-12). This can be 
thought of as a phase error which occurs too 
rapidly for the phase-error circuit to compensate 
for. During an underspeed condition, the voltage 
applied to the pha^e difference tube, suddenly 
changes from positive to negative. (See fig. 
8-1 2(A).) For an overspeed condition, the 



voltage suddenly changes from a negative to a 
positive. ' • , 

The action of the 'off -speed circuit is 
described as foUowsf The underspeed voltage 
change registered in. the plate Circuit of the 
phase difference tube is coupled toHhe offspeed 
circuit by capacitors C253 and C254. (Refer to 
fig. 8-10.) The voltage change in the plate circuit 
is positive and the reverse bias on diode CR251 
is reinforced, but the reverse bias on diode 
CR252 is momentarily overcome, allowing 
capacitor C255 to charge positively. Capacitor 
C255 discharges slowly through its paraUel 
resistive network and maintains a grid bias on 
the off-speed tube V206B. (For an overspeed, 
diode CR25 1 conducts and charges capacitor 
C255 negatively.) Successive sharp voltage 
changes add 'to the charge on capacitor C255 
until the off-speed condition is, corrected. Like 
the phase differerice circuit, the off-speed circuit 
has a zerb-volt adjustment potentiometer in the 
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cathode circuit. The pulsating voltage generated 
at the wiper by the. changing grid bias on the . 
tube is called speed-error voltage. The effect of 
this voltage is discussed subsequently. 

SIGNAL SUMMING.--AS shown in figures 
8-10 and 8-13, the phase difference and 
speed-error voltages are coupled ^o the signal 
summing point. Also connected to this poin^ are 
the limiting circuit, the phase-control 
potentiometer, and magnetic modulator signal 
winding No. 2. Any difference in potential 
between the signal summing poinf and the 
feedback potentiometer causes a current in the 
modulator winding. This results in motor 
movement which, .in turn, causes the feedback 
potentiometer to null whatever potential is at 
the summing point. 

PHASE-ERROR CORRECTION.-When the 
slave propellers are not on-phase, tTie phase 



difference voltage acting through the averaging 
circuit to the summing point causes speed-bias 
servomotor rotation to correct the off-phase 
condition, provided the phase control 
potentiometer (fig. 8-13) is set for zero volts. In 
this case the phase difference .voltage actually 
represents phase error. However, if it is desirable 
to have a slave propeller maintain a specific 
angle of lead or lag with the master. propeUer, 
then the phase control potentiometer is adjusted 
to cancel the phase difference voltage at the 
summing point. For e>cample, to maintain a slave 
lead of 10° from the 180° position of the master 
pulse, the phase control potentiometer is 
adjusted to cancel the phase difference voltage 
which is generated when the slave propeller leads 
the master propeller by 10°. Thus, when the 
slave propeller leads by 10°, the net potential at 
the summing point is zero and the speed bias 
servomotor wilL not move. When the slave 
propeller changes from the 10° lead condition. 
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the phase difference voltage? changes, and the net 
potential at the slimming point is the difference 
between the phase con-trol potentiometer setting 
and the phase difference voltage. This is how the 
phase-error voltage and its magnitude depends 
on t]{ie slave propeller's degree of lead or lag 
from the 10° lead condition-. The ihanual phas6 
coDttro'l is adjustable to allow a slave lead gr lag 
of 45°. 

' ' SPEED-ERROR CORRECTION.-During 
the phase-error correction, Zefier diodes VR405 
and V.R408 isolate the speed-error 

-potentiometer from the signal sumrning point. 
When an off^peed occurs, these diodes conduct, 
connecting the speed-error circuit to the 
summing point. For large speed errors, the 
speed-error signal is a pulsating dc of very low- 
frequency. At the same time, the phase-error 
signal is a rapid dc step ^voltage consisting of 
sharp potential changes which trigger the 
speed-error circuit. The dc step voltage changes 
developed in the cathode circuit of V206A (fig. 
8-iOX are averaged and effectively blocked by 
resistor R268 and capacitor C251. The sharp 
potential changes passing resistor R268 and 
capacitor C251 are leaked to ground by resistor 
R272~ and ■ capacitor C256, leaving the 
speed-error signal in control. When the engine 
reaches on-speed condition, but is still 
out-of-phase, the speed-error signal drops off 
until a point is reached where the Zener diodes 
stop conducting and the phase error signal 
assumes control. 



^ TWO-PERCENT LIMITING. -The potential 
at the summing point is limi^d to plus or minus 
5 volts by the limiting circuit ^fig- 8-13, R442, 
R443, R444, R445, CR409, ancKCR4 10) which 
clips any signal outside of the rangis limit. In the 
case of the off-speed circuit, this liniited signal 
provides only ejiough amplified output to drive 

/the speed bias servomotor to correctx^for a 
two-percent speed* change. This occurs because 
the motor movement results in a feedback 
voltage which cancels the speed-error signal. 

' Thus, the slave propeller cannot follow large^ 
speed changes of the master engine, preventing a 
slave from following an overspeeding or 
underspeeding master. 



Resynchrophasing 

The need for resynchroi5hasing arises from 
the nature, in which phase * angle correction 
circuits operate. As phase errors occur, the 
servomotor rotates to correct the error. At the" 
same time, the feedback potentiometer moves 
arid cancels a portion of the error signal. As the 
phase error is corrected, the phase-error signal* 
decrease^^until it .'matches the feedback signal. 
When this occurs, the^ potential at the summing 
point is zero and the motor stops moving, 
leaving a portion of the error uncorrected. This 
is insignificant for errors which occur about a set 
point-leading and lagging errors. However, for 
errors that continually occur in one direction, 
the uncorrected error accumulates and it can 
become large enough to reduce the efficiency of 
the system. To overcome this, a procedure 1s 
provided whereby the bias on the mechanical 
governor is locked ^Jj/hile the servomotor; 
recenters at a zero-volt feedback position. This 
is called resynchrophasing. 

The resynchrophasing operation is as 
follows: While in synchrophase mode, the prop 
resynchrophase, switch is placed in the 
RESYNCH position.. This energizes the electric 
clutch-brakes on the slave engine 'speed-bias 
servo assemblies. The brakes lock the output 
shafts and the clutches decouple the input and 
output shafts, leaving the input sKafts free to 
turn. Locking the output shaft retains whatever 
mechanical „bja^: i§;>present On the mechanical 
govemof! the- same, ^time, relay K503 (fig. 
8-8) is enkj^^l^. W.Ijj^h?^^^^ signal winding 

. No. 1 airm3^^^-me magp^ modulators. (The- 
master charinel 'remaiihs in normal governing*, 
mode through a parallel ground provided by. the 
master relay to signal winding No. 1 of th6 
master channel modulator.) An instant later (a 
time delay sufficient to assure brake ^nd clutch 

^ actuation before allowing the recentering 
action), relays are deenergized to remove the 
phase- and speed-error circuits from the slave' 
channel magnetic modulators ana connect the 
dummy loads. The only input to the slave . 
channel ma^etic modulators is , now the 
feedback pote'ntiometer acting into the dummy 

, load through signal winding No. 2. A signal is 
then generated, , driving the motors until the 
feedback ' voltage is zero. When the prop 
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re synchro phase switch is released, all circuits 
return to the synchrophasing mode. The 
accumulated phase error can now be corrected. 

TROUBLESHOOTING HINTS 

When a trouJ)le occurs in the electrical 
controls of the propeller system, the first step of 
troubleshooting is to determine which part of 
the system is malfunctioning. This can be 
determined by completing an operational check. 
The next step is to refer to the electrical 
schematic and the troubleshooting chart found 
in the Maintenance Instructions Manual for the 
aircraft, and then proceed to analyze the 
trouble. . 

. 1 

Table 8-2 is a typical troubleshooting chart 
which illustrates a systematic approach^ for 
isolating faulty components or wiring in the 
synchrophaser system. " 



PROPELLER CONTROL SYSTEM 

The propeller control* system on the P-3 
aircraft uses systems similar to those already 
discussed in this chapter. It is an integral part of, 
or works in conjunction with, the temperature 
datum control system, the propeller 
synchrophaser system, and propeller, governing 
system. The discussion that follows is primarily 
concerned with propellers pitchlock, negative 
torque System, feathering, unfeathering, and 
autofeathering operatigjis. Refer to figure 8-14 
throughout this discussion. r- 

PROPELLER 

* ■ 

The four-bladed propdler converts engine 
shaft horsepower to thrust. The propeller 
consists ojf two principal sections: the rotating 
section /comprises the blades, jiub, spinner, and * 
the dome which houses thfe pitch changing ' 
mechanism; the nonrotating section contains the. 



Table 8-2a.-Synchrophaser system troubleshooting 

... • . ^ 

-^^^^ 



Trouble 



r. Steady overspeed or under- 
speed on one or more 
* engines in synchrophasing 
mode. 



2. Steady overspeed or under - 
sp^ed on one engine lit ./ 
normal govethihg. 



Probable cause 




Spee^ bias servo as- 
; S|Biidi)l5f , feedback 
-potentiometer. 



Remedy 



a. If condition exists/on a slave engine, 

check slave pulse input to synchro- 
phaser. Adjust coil to magnet clear- 
ance replace parts, or correct, air- 
craft wiring problem. ' 

b. K condition exists on all three slaved 

engines, check master pulse input to 
syn<;htophaser. Adjust coil to magnet 
clearance, replace parts, or correct 
aircraft wiring problem. 

4* 

c. K there is no problem with pulse inputs, 

/replace the synchrophaser. 



Open circuit to feedback potentiometer 
on troublesonie engine. Check for 
continuity from the synchrophaser 
connector to the potentiometer. Re- 
sistance into the feedback potentiom- 
eter should be approxigaateiy 7 to 10 
•kilohms. 
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Table 8-2b.-Sy4ichrophaser system troubleshooting 



• Trouble 


Probable <:ause 


Remedy 


2. Steady overspeed or under- 
speed on one engine in * 
normal governing— Con- 
tinued ♦ 

J ■ 

A 




b. Wiring re|^sal infeedback potentioni- 
eter circiflt. Remdve propeller con- 
trol valve'housing cover. Check volt- 
age polarity at potentiometer. 
Voltage at blue lead terminal should 
^, be positive with respect to ground^ 
Voltage at the red/white lead ternii- 
^ nal should be negative with respect 
to ground. ' p 


Synchrophaser. 

i 


Replace synchrophaser. 


Resynchrophaser 
circuit. 


Brake-clutch not being energized or hot 
operative. Check for approximately +"28 
volts across red/yellow and gray (gijd) 
leads to brake-clutch. The voltage must 
be present on engine No. 2 . when 

" master Njo. 3 is selected, and on engine 
No. 3 when No. 2 is selected. The voltage 
must be present on engine No. 1 and No^ 
4 when either master is selecte^landthe 
resynchrophase switch is actuated. If 
voltage is not present, checH switcheis 
and aircraft wiring and 1:6 pair or re- 
piace*. u voicage is present, cnecK 10 
see if the brake lever is locked in posi- 
tion when voltage is applied and is re- 
leased when voltage is removed. H not, 
replace propeller control valve housing. 


3. Slave will not syn'cho- 
phase with one of the 
masters. 


Pulse generator. 


Check pulse input to synchrophaser from 
the troublesome master. Adjust coil to 
magnet clearance, replace parts, or 
correct aircraft^ wiring problems. 


Svnrhrnnha^p 
^master switch. 


V-/ llCI^I^ oW ILI^ll lUl L^Ul 1 I W 11 lllg ctllLI LI Ctlla — 

fer of circuits. Repair ^nd^ replace. 


Synchrophaser. 


Ret)lace synchrophaser. 


4. Slaves will not synchro- , 
phase with either 
master. (Does not r 
follow master ; 
speed changes.) ' 

- -T? 


Power source. 


Check to see that synchrophaser is receiv- 
ing 115-volt.400-Hz operating voltage. 
If not, check aircraft wiring and circuit 
breakers. If voltage is present, check 
fuse on the front of the synchrophaser.* 


Synchrophaser. 


Replace synchrophaser. 
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T^We 8-2c.V3ynchrofiha$6r system troubleshooting 



Troub^^ . 



P^obat)leWuse 




Remedy 



One slave will synchro- 
phase (stayi^t one speed) 



Speeti bias servo, 
synqhrophaser, 
propeller gov- 
ernor, or • 
throttle lever ; 
switch. 1 



The troilib^mu be isolated*. Pe^rform 
a fyel toMp^ pitch lock test on 
the atffe^^^rengine. If engine over- 
, ^pej^j^is;^&mal for tllie test, tl>e 
switcM§JfQj^tJ\p servomotor reference 
wihdinga^^<^, the seryo 
ihe^syndS^^fiaser amplifier is good., 
Thd^/Servd^e<fdfcack potentiometer cir- 
cuit, or .-tqisi^^lse generator may be 
.ciusing^ itrb^e'o'Check pulse input f r.om^ 
\.. s^ffectedeng^eTdsynchrophaser, Check » 
^ *:;|^^dbackp^tentio meter trouble No. 2 
< If th§se cheqjc good and 

i|tn^ltoel to|^^ dheck lis good, replace 
♦ Ui^synchi*c^haser, If fuel topping test 
% h is not normlal^ perform continuity checks 
niifiring and switches to the 
Servomotor reference winding. If this 
'fa good, replace the synchrophaser and 
,-7^ perform another fuel topping test. If 
. ^response is not normal, check continuity 
to servo control winding. If good, re- 
place the ^ propeller ^ control valve 
housing. ^ 



Master cannot be trimmed 
with phase and trim 
control. 



Phasp axid trim 
control or 
synchro- 
Phaser. 



Select other master. If this master, can be 
trimmed, replace the synchrophaser. If 
both masters cannot be trimmed, replace 
phase and"trim control. If replacement 
does not correct trouble, check aircraft 
wiring. ♦ 



Overspeed or underspeed 
for throttle chop or 
burst. Response same 
as or worse than 
nvechanical governing. 



Throttle anticipa- 
tipn potentiom- 
eter ojs-^yn- 



chrophe^^r^' 



Remove propeller control Valve housing 
cover , Observe that servomotor re- 
sponds to throttle movements by driving 
thfe output lever . If no action is present, 
run a continuity check from the synchro- 
phaser connector to the throttle anticipa- 
tioj;^ potentiometer. Resistance across 
potentiometer shoul^J be approximately 
" 250 kilohnis. Check wiper togroundre- 
sistance. using a 2-kilohm resistor in 
series with the metei>. Set the, throttle 
at full reverse. Resistance should be 
approximately 252 kilohms. Slowly ad- 
vance the throttle to takeoff. Resistance 
should decrease smoothly to a value of 
approximately 2 kilohms. Slowly retard 
throttle to reverse. Resistance should 
follow by increasing smoothly to approx- 
imately 252 kilohms. If ^open is found. 
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Table 8'2d.-SyncVirophas^r system troubleshooting 



— 1 : ■ 'J , 

Trouble 


> 

Probible cause^ 


[ 

Remedy - 






check aircraft wiring. If good, replace 
propeller control valve^ Housing. If re- 
sistance change is not smooth and con- 
tinuous, teplace valve housing. If no 
problem can" be found, replace, the 
synchrpphaser. * 


8: No speed stabilization. , 
Cycles required to 
settle at governing rpm 
are the sambas in ^ 
mechahicatl governing 
after a speed change. 


Tachometer gen- 
erator or ^yn- 
chrophaseir. 

■ i 


Check for tachometer generator voltage 
at synchrophaser CQpnector with pro- 
peller at 100 percent rpm. Voltage 
shoulcj be approximately 16-; to 23 volts 
rms. If nq voltage or out-of limit volt- 
age, check aircraft wiring or replace 
tachometer generator. If „ voltage is 
present, replace; synchrophaser;. 


9. Erratic governing 
in synchrophasing 
mode or in normal 
governing.' 


Intermittent open 
qr short in 
circuits. ■\ 


a. This type of trouble must be found by' 
carefully checking for loose contacts 
on all accessible connectors and 
components of the system. Poor 
connections are a likely cause of. 
the trouble, \ ? 

b? Other possible causes are in intermit- 
tent throttle anticipation potentiom- 
eter, servo feedback potentiometer 
or phase and trim control potentiom- 
— eter. 

c. When erratic governing is noted on all 
engines, it is possible that voltage 
transients in the 115-volt, 400-Hz 
supply to the synchrophaser are 
causing the trouble. Check ^supply 
voltage. , 


10* Small steady- state 
' changes of 1/2 to 
2 percent in.en- 
% gine speed in > 

syncnropnasting 
" Or normal 
govern ingw, 

\ ■ \ ■ ■ 


Phase and trim 
control. 


a. If changes occur in synchrophasing on 

all engines, phase * and trim control 
or wiring between^Jhase adid trim con- 
trol and synchrophaser may be the 
problem. Check wiring. If wiring is 
good, replace phase and trim control 
or the synchrophaser. 

b. If changes occur in synchrophasing on 

one engine, check pulse to synchro- 
phaser for affected engine. 
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Table 8-2e.-^ynchropha(i^ system troubleshooting * 



Trouble 


•Probable cause 


Remedy ^ 


.w^^ .- . , 7— — 

jM^mall steady-state 

\j^anges of 1/2 to 2 
^ ^j^rcent in engine 
^ >peed in syhchrophas- 
V '^ing^ or normal govern- • 

^ i0g— Continued. • 

/ijX ■ • ^ ' 

■ ■ 


Synchrophaser. 


If changes occur in. synchrophasihg or 
normal goNferrun^ on all engines regard- 
less of^ selected' master,* replace 
synchrophaser. 


Speeds bias »ser vo 
V . assembly. * 


K changes occur in sync^ophasing or 
normal governing on one engine, servp 
assembly clutcn may be sll^iping. This 
can 6e determined by performing a fuel 
topping and pitch lock test. A shift in 
governing rpm after the test is completed 
indicajtes a slipping clutch. Replace the 
propeller control valve housing if this 
is the case. • 


11. Oscillations in engine 

speed in synchrophas- 
ing or normal govern- 
ing. 


Pulse generator.. 


oscillations occur on all engines and 
only with one master, check the pulse 
from that particul^ x;naster. Adjust 
coil to magnet gap or replace parts. ^ 

— ■ 'A .' ' — 


Taph generator. 


K oscillation occurs on one engine when 
in synchrophasing or normal governing, 
check tachometer generator . Excessive 
wear or play in the shaft or rpugh bear- 
ings can cause a variable frequency in- 
put which the synchrophaser interprets 
as change in engine speed. Replace the 
tachometer generator if any of the fore- 
going conditions exist. 



pressure and scavenge oij pumps, the governor 
control mechanism, and the spinner afterbody. 
It is a cdns.tant-speed, full-feathering, reversing 
propeller, having the added features of pitchlock 
(to preveht excessive overspeed) and a 
combination synchronizing and synchrophasing 
system. 

LOW-PITCH STOP ASSEMBLY 

A mechanical stop ^assembly in the propeller 
dome is set to maintain a minimum desired 
low-pitch blade angle. When the power levers *are 



positioned below ^28 degrees, a cam operated 
backup valve in the propeller housing directs 
control oil pressure to collapse the low-pitch 
stop levers. The blades move t6ward the reverse 
position as directed by the power lever Beta 
schedule. 

BJETA FOLLOWllP SYSTEM 

The Beta foUowup system provides a 
variable hydraulic low-pitch stop. At the 
FLIGHT IDLE power lever position, the Be^ 
foUowup stop is set at about 10 degrees blao 
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IGN. 

POWER PLANT 



TATION / • ^L '' *-* • SERVICE CENTER ' |^ (ENGINE AND PROP) I 



Figure 8:14.-TPrppeiler control circuit. 
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angle; thie. mechanical low-pitch stop is set at 1 3 
degrees. The purpose of the Beta foUowup stop 
is to provide a secondary low-pitch stop. As the 
power lever, is moved toward TAKEOFF 
position and the blade angle increases, the 
mechanical Ibw-pitch stop remains fixed at 13 
degrees, "but the Beta foUojwup control programs 
the hydraulic stop^ in relation to pow^jr lever 
position to a maxiipum of 22 1/2 degrees. At^ 
this point, if a sudden engine failure t)ccurs and 
.the negative-torque system fails to K)perate, an 
fxcessive reduction in blade angle and associated 
\dolent yawing ^$ prevented. 

PITCHLOCK 

A hydraulic, speed-sensitive pitchlock 
" mechanisjn is containecj in the propeller 
assembly to prevent overspeeding. . It is 
completely, automatic and ^ ^prevents -further 
dfecrease' in blade angle" when engaged. 
Automatic engagement can 'occur in twO ways: 
;first by loss of control oil .pressure, and second, 
when rpm exceeds approximately 103.5%. The 
- pitchlock 'goverapr, sensing the overspeed, 
.allows the pitchld'ck teeth to engage, preventing 
further decrease in blade angle. Due to the 
design of the teeth, the blade angle can increase 
if the nornial governing control is restored^ 



Blockout Ranges 



blade 



There are certain^ blade angles where 
pitchlock does not operate. The pitch^pck teeth 
are mechanically held apart from a plus 17 
degrees to minus. 14 degree^s. This. allows for rpm 
surges ^as blade ' angles, are reduced during. 
apj)roach.'^nd landing. Also, pitchlock is blocked 
outsat blade angles between 57 degrees and 86 
' d(^ees (full^ feather).;. This is necessary in ordeir 
to. decrease blade angle for, air starting. Blade 
aiigles will be.; less than 57 degrees at 405 knots 
or limit Mach ^^peed. i ' ' /; 



1^" 



the power lever is rertardeW very rapidly intoihe 
Beta range and the blade angle decrease is not / 
quick enough, as in the case of ah aborted 
takeof^ and landing, in this condition the 
amouirt of fuel SQheduled will cause engine 
speed to increase above 103% rpm. . ^ 

Fuel Governor and Propeller 
Pitchlock Test Switch . . 

V Four -two-position (TEST-NORMAL) 
s>yitches, one for each propeller, are located on 
thei, engine check panel. When a switch '\s 
actuated to TEST position, the propeller 
speed-bias servo motor receives a continuous 
overriding signal which drives the mechanism, 
full travel toward decrease pitch. This effectively 
'resets the propeller governor to a speed of 
approximately- 106% rpm, to permit a ground 
check of the pitchlock . and fuel governor 
functions. ^ 



NEGATIVE TORQUp SYSTEM \ 

The negative t^ftrque system (■^TS) protects 
the aircraft from ej^essive drag by limiting the 
negative torque from ' the propeller to a 
predeterminecf value range of -150 to -500 
indicated horsepower. During a negative torque 
condition the NTS provides, a mechanical signal; 
overriding the governing action of the propeller 
and increasing the blade angle. When the 
propeller blades reach a position where the 
propeller no longer is developing negative 
torque, the propeller ' governor retains control 
and maintains 100% rpm. In the event the 
negative torque condition persists, a cycling 
action jA^ill continue from the mechanical signal 
to propeller governor, and vice-versa, until some 
corrective action is taken. ■ *.\ 

■ iNTSINOF^ Warning Ught ^ ' - ^ 



Pitchlock Rese.t ' 



' An';^NTS INOP jwarning light iUuminates 

• ■ %j4f !^^ 45-degree air^art blacje angle circuit is 

"\ .■■ V^ t/ .energized. The airstart blade angle system is 
A reset , yy^tim is -^ncja t^|;reset.. i limif negative horsepower during 

pitchlock up *to;: iO^%''r8iTi^^^'^ unfeather operations with ^failed NTS. 

above IQ degrees \ydth tl^^p<jwer |pj\er be|g The blades^ upon reaching 45 degrees, enfergize 

(tegrees coordinator. ThiM|)9j9^ rp yie airstart blade limit circuit, aptuatihg the 

thp pitchlockris iinomejitary«uanld'necess^^ when feather valve to the feather position. The blades 
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moving toward the feather position open the 
circuitr deenergizing the feather solenoid valve. 
The result of this action is a cycling of the 
blades around the airstart blade angle switch. 
For ground unfeather operation,, the airstart 
blade liniit switch is bypassed by actuating the 
feather pump pressure cutout override switch to 
the OVERRIDE position while the propeller is 
unfeathering. , 

PROPELLER FEATHERING 

Feathering is initiated by pulling the engine 
emergency shutdown handle, by autofeathering, 
or by depressing the feathering switch button. It 
is accomplished hydraulically by the feather 
valve directing oil directly to the propeller. All 
other control functions are bypassed. 

Normal Feathering 

Feathering is normally accomplished by 
pulling the engine emergency shutdown handle. 
Pulling the handle mechanically positions the 
feathering valve and electrically energizes the 
feathering button solenoid. Also, current is 
furnished to the auxiliary pump, and to the 
feathering solenoid which hydraulically 
positions the feathering valve to feather the 
propeller. When the prdpeller has feathered 
fully, feathering oil pressure buildup operates a 
pressure cutout switch, causing the auxiliary 
pump and feathering solenoid to be deenergized. 
The feathering button light then goes out. 

FEATHER PUMP PRESSURE CUTOUT 
OVERRIDE SWITCH.-A nushbutton type 
switch ( is located didjacent to each feather 
button. Actuating the override switch bypasses 
the feather pump pressure cutout switch, 
permitting continued operation of the feather 
pump in the event the feather pump operation 
terminates before the propeller blades reach the 
full feather position. 

FE^ATHERING SWITCHES 
(BUTTONS). -Four guarded feathering switches 
(buttons), one for each engine, provide an 
alternate method for feathering the propellers. 
Pressing ,a button to FPATHER cuts off fuel 
electrically, energizes the feather solenoid, and 
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energizes the feather pump motor to feather the 
propeller. The propeller is unfeathered when the 
button is pulled to unfeather. The center 
position is for normal, propeller operation. A 
light in the feather button lights \yhen the 
circuit to the feather pump is energized. 

Automatic Feathering 

The automatic feathering system 'performs 
its function by energizing the feathering button ' 
holding coil (pulling in the feathering button). 
This occurs when the autofeather arming switch 
is in ARMED and loss of engine power results 
a large decrease in propeller thrust. This system 
is used during takeoff only, and functions above 
60 (±2) degrees coordinator setting. Only one 
propeller will feather automatically. 

AUTOFEATHER ARMING SWITCH.-An 
autofeather ARMED-OFF switch, loci^ted on the 
autofeather and rpm control portion of the 
pilot's overhead control panel, provides the 
control for the autofeather system. During 
normal operations, with the switch in the 
ARMED position, all power plants are protected 
by the autofeather system. With the switch in 
the ARMED position, the autofeather armed 
lights are illuminated and electrical power is 
supplied to the power lever quadrant 
autofeather arming switches. Both the arming 
switch and the power lever quadrant switch' 
(activated at 60 degrees) must be closed before 
the thrust sensitive signal device can cause 
propeller autofeathering. 

A. UTOFEAT HER - SYSTEM 
INDICATORS.— Four green indicator lamps, one 
for each propeller, illuminate to indicate that 
each individual propeller autofeathering circuit 
is armed. They are located on the pilot's 
overhead control panel. Also, should a propeller 
autofeather, its light will femain illuminated and 
the others will go out. 

Unfeathering on the Ground 

The 'propeller is unfeathered by holding the 
feathering button in the unfeather position. The 
airstart switch (in the propeller) limits the blade 
angle decrease to 45 degrees. For further 
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decrease in blad^ angle, the pressure cutout 
override button must be held in. 

PROPELLER CONTROL OPERATION 

In illustrating typical propeller control 
operation, it will be assumed'- that the engines 
have been started afixl are operating in the taxi 
range (throttles bet^^veen 0' degrees and 34 
degreef^). Each power leVer controls propeller 
blade pitch and engine fuel flow through 
,.;tiydromechanical linkages. If ^ throttle is below 
' 28 degrees and the blade pitch angle is above 10 
degrees, the PITCHLOGK RESET VALVE 
SOLENOID (fig. 8-14) is activated, resetting 
pitchlock up to 109% rpm. 

As the throttles are advanced above 34 
degrees into the flight-idle range, propeller pitch 
is controlled by the flyweight propeller 
governor. This governor increases or decreases 
blade pitch to maintain 100% rpm by directing 
fluid through the feather valve. The temperature 
datum system controls proper engine 
temperature operation. 

When thV pilot is ready for takeoff he places 
the AUTOFEATHER SWITCH in the ARMED 
position. As the throttles are advanced beyond 
75 degrees the NUMBER 3 POWER LEVER 
SWITCHES close to the HIGH POWER position. 
If a propeller's thrust drops below 500 pounds, 
. the THRUST SENSITIVE SWITCH closes. This 
energizes the ^AUTOFEATHER RELAY. Power 
is routed through the AUTOFEATHER RELAY 
contacts to energize the FEATHER SWITCH 
PULL-IN AND HOLD-IN SOLENOID. The 
AUTOFEATHER RfiLAY loses its power from 
the FEATHER SWITCH, but the FEATHER 
SWITCH remains energized through a holding 
circuit. Power is routed yTrom the energized 
FEATHER SWITCH throilgh the contacts of the 
FEATHER ^CUTOUT RELAY to the FEATHER 
PUMP POWERS RELAY, supplying 1 1 5V, 
3-phase power to the FEATHER PUMP 
MOTOR; Power is also supplied to the 
FEATHER VALVE SOLENOID through the 
FEATHER CUTOUT RELAY. The FEATHER 
VALVE SOLENOID causes oil to be routed in 
such a way that the propeller begins to feather. 
The fail-safe-type FUEL CONTROL RELAY is 
also activated by power from the Leather 



SWITCH, causing the ENGINE FUEL 
SHUTOFF VALVE to close. / 

As'the propeller fo^ithers, the^ BETA CAM " 
SWITCH closes when the blade angle goes past 
74 degrees. The FEATHER l^OTOR CUTOUT 
SWITCH closes Nyhen the propelJer'WacheB full 
feather, and the oil pressure iHcreases. This 
completes a circuit which causes the RATHER 
CUTOUT RELAY to energize, deenefgizing the 
FEATHER VALVE SOLENOID. Besides cfltting 
out the FEATHER PUMF POWER RELAY, the- 
energized FEATHER CUTOUT RELAV^^^ 
maintains- its own holding circuit. This 
completes the autofeathering cycle. The 
FEATHER SWITCH wilf remain enei^ized as 
long as the engine is feathered. 

If the engine is shut down by pulling the 

^MER(?ENCY ENGINE SHUTDOWN 
HANDLE, power from the EMERGENCY 
ENGINE SHUTDOWN RELAYS (there are two 
switches and two relays for each engine's 
EMERGENCY SHUTDOWN HANDLE) is 

, directed to the FEATHER : SWITCH PULL-IN - 
AND HOLD-IN SOLBNOIj|. The engine is shut 
down and feathered as described above. Also, if 
the FEATHER SWITCH k pressed in, its own 
holding circuit is activated, causing the feather 
cycle operation to take place. 
" If the flight crew c;hooses to restart the 
engine during flight, the FEATHER SWITCH is 
pulled out to the UNFEATHER position and is 
held there. The FEATHER CUTOUT RELAY is 
deenergized, and power is provided to the 
FEATHER I^UMP POWER RELAY. The 
.FEATHER PUMP MOTOR pressure buijds up 
and oil is directed to the decrease pitch side of 
the propeller dome; causing the propeller to 
start unfeathering (the FEATHER VALVE 
SOLENOID is not energized). 

When the pitch of the blades decrease to less 
than 45 degrees, the BETA CAM AIR START ''^ 
SWITCH closes, completing the path for current 
through the AIRSTART CONTROL RELAY. 
With the AIRSTART CONTROLv RELAY 
energized, a circuit is completed for the 
FEATHER VALVE SOLENOID. This causes the 
propeller blacks to start back toward the feather 
position. TheHBETA CAM AIRSTART SWITCH 
opens, causing the AIRSTART CONTROL 
RELAY and FEATHER SOLEl^OID VALVE to 
open. This causes cycling of the blade pitch 
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around the airstart blade angle (45 degrees), and 
causes the NTS INOP warning light to flash. The 
light blinks because of the blade pitch cycling 
aption. This is an indication to the flight crew 
tliat the FUEL AND IGNITION SWITCH should 
be .turned on for engine starting. 



PRESSURIZATION AND AIR 
CONDITIONING 

The air conditioning and pressurization 
systems of modern aircraft maintain the cabin 
and equipment at specific pressure and 
temperature levels during flight. The system 
supplies conditioned air for heating and cooling 
the cabin, crew spaces, and various electronic 
equipment. 

The majority of air conditioning systems 
installed in modern aircraft utilize the air cycle 
system. Some aircraft utilize the vapor cycle 
system, which uses a liquid refrigerant similar to 
that used in a common household refrigerator. 
Operation of the air cycle and vapor cycle 
systems arc discussed in AE 3 & 2, NAVEDTRA 
10348 (Series). 

A brief discussion of the cabin and 
equipment air conditioning and pressurization 
system installed in the A-6° aircraft is presented 
in the following paragraphs/ 

CABIN SYSTEM 

The primary function of the cabin air 
conditioning and pressurization system is to 
maintaifl cockpit temperature and pressure 
witllin certain parameters for crew safety and 
comfort. To accomplish this, the system forces a 
mixture of dehumidified refrigerated air anjd hot 
engine bleed air through cockpit diffusefs, The 
temperature of the mixture is automatically 
maintained through a continuously selective 
range by a temperature control system 
con s i s t i n g of t empy-pture sensors with 
awociated flow control >^lves and an electronic 
controller. Cabin pressure is controlled by a 
pressure regulator and a safety valve, with a 
manual durrip control associated with the Safety 
Valve. The block diagram for the airflow of the 
cabin air c^ditioning ar#|i pressurization system 
is shown in figurg 8-15. 

? Z63 



System Contro.ls ^ \ " . 

The air conditioning control panel is shown 
in figure 8:16. Three switches and one control 
knob on the panel control the air conditioning 
operation. 

The air conditioning master switch is a 
two-position, (NORM and OFF) toggle switch 
guarded to the NORM positon. Placing the 
switch to NORM opens the main bleed air 
shutoff valves, if the engine is providing air at 8 
psi or more, and .causes the air conditioning 
caution light to go off. Hot engine bleed air is 
now available . for^^ operation of the various 
environmental systems. Placing the switch in the 
OFF position closes the shutoff valve, thus 
shutting off the supply of hot engine bleed air to 
the environmental system. A spring-loaded guard 
over the air conditioning master switch prevents 
inadvertent operation of the switch to the OFF 
position. 

The .cockpit switch is a three-position toggle 
switch marked ON, OFF, and RAM AIR. With 
an engine running and the. . air cpnditioning 
master switch at NORM, placing the cockpit 
switch ON engages the air conditioning and 
pressurization system by energizing the dual 
temperature control valve and opening the cabin 
bleed air shutoff valve, Depending upon the 
setting on the automatic' temperature control 
thumbwheel, conditioned air flows into the 
cockpit. Placing the cockpit switch OFF closes 
the cabin bleed air shutoff valve and drives the 
dual temperature control valve to the full hot * 
position. This prevents any airflow to the 
cockpit. The RAM AIR position closes the cabin 
bleed air shutoff valve and drives the dual 
temperature control valve to the full hot 
position, Ram aifflow is then controlled 
manually using the MAN/RAM AIR switch. 

The MAN/RAM AIR switch is a 
four-position toggle switch ^ marked AUTO, 
HOLD, COLD, and HOT. The 4UT0 position is 
selected to enable the. dual temperature control 
valve to accept inputs from the automatic 
temperature control thumbwheel. Placing ihe 
switch to HOLD' removes the dual tri^perature 
control valve from automatic control. The 
switch is spring-loaded to HOLD when AUTO is 
not selected. Mortipntarily holding the switch in 
COLD or HOT alters the positions of the hot 
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i-igure 8-1 6. -Air conditioning control pan^ 

and cold sides of the dual temperature control 
valve to change the cockpit air temperature. 
When released, the switch springs back to HOLD 

fivpH Tif^n^^'r^P"''^"''' ^^l^e remains 

Hxed. The COLD and HOT positions should be 
toggled intermittently to avoid overshooting the 
desired temperature. With RAM AI^^ selected on 
the air conditioning cockpit switch, airrtow is 
controlled manually by the ram air switch which 
opens and closes the ram air valve. 
.1, automatic temperature control 

thumbwheel enables the crew to adjust the 
cockpit air temperature. With the air 
conditioning controls appropriately positioned, 
the thumbwheel may be moved to any setting 
be ween 0 and 14^ Rotating the thumbwheel 
automatically regulates the openings of the hot 
and cold sides of the dual temperature control 
■ valve thus varying the cockpit air; temperature 

of 60° 'S'80°f''' ""'^ ''^''^''^ ' 

« 

System Opetation ' 

• .U^^^^x!^^ ^^'^"^ ^f'g- 8-17) is placed 

in the ON position, contact 3 removes power 
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from the cabin bleed air shutoff valve which 
opens, allowing hot . air to How to the dual 
temperature . control valve. Simultaneously a 
second portion of the cockpit switch wluch is 
• ^"'^'aS/o'^ ^he centeftap o 

ontacf S^^t^J "-'^ ^''^ energfzed 
contact 3 of the air conditianing control relay 
hrough the COLD side of' the cabin duc^ 

COCKPIT SWITCH, to the control phase of the 
dual temperature control valve. Contact 1 of the 
cockpit switch supplies power to the coil of the 
air conditioning control relay when the cockpit 
switch ,s ,n either the ON or OFF position. 

Sn or oip' ^h^,.'^-^'^ switch (in either thJ 
ON or OFF position) supplies 120 volts to the 
ck.se winding of the cabin ram air valve. A phase 
shifting capacitor suppUes power to the open 
winding of the same valve, which drives the ■ 
two-phase induction motor to the full close 
position. 

HM^^" l^l conditioning mode (cockpit switch 
UN), hot engine bleed air flows through the 
cabjn shutoff valve to the dual tempel^kture 
control valve where it is mixed with refrigerated, 
dehumidified air. The cabin temperature control 
system automatically maintains the cabin at a 
selected temperature b.y continuously 
modulating the dual temperature control valve 
I he modulating signals are cabin temperature 
errors that are translated into error voltages by 
the cabm temperature sensor. These signals, are 
modulated and amplified by the cabin and 
ventilation suit temperature controller, and 
ransmitted to the control, winding of th; dual 
temperature control valve; the hot side of the 
valve starts to close and the cold side opens until 
the selected cabin temperature is achieved In 
order to prevent temperature hunting by the 
cabm temperature sensor, the cabin duct dual , 
temperature sensor anticipates changes'in cabin ' 
temperature by sensing changes in the duct jnlet 
temperature. 

. ' The dual temperature sensor transmits txxdf' 
signals to the cabin and ^ntilation ' suit 
emperature controller menever the 
temperature of the cabin air sii|)piy changes ^ ■ 
magnitude of the transmitt,^d .Signils d^p'ehds 
upon the rate of temperaturcch^nge Wheaailie i 

mSiS"'! '"''^ temp^ratuiTexceVds 12i!Fc } 
. UiO F), the over-temperatui-e serrsbr porflbn of '"' 



Mi 



ERIC 



AUTO.TCyp 
CONT 
TNUNeWHEEL 



CABIN 
TEyPERlTURET^ 
SENSOR 



I CABIN HIOH,^. 
CABIM.DUCTOUAl'M DlJCT UNIT (T. 
.TENPCRATURE SENSOR ^^^^^^ 



'"^ I*. A ' CABIN DUCT 

' ^ N i'^^ ^* |ANTICIPATOR 



.14 



OUAL' * 
.TEMPERATURE 
CONTROL 
VALVE 




COflTftOLPHASt 



CABIN DUCT ^ "OT f--0- 

THERMAL T-O- 

^ SWITCH COLD L 



120V AC 

pri'ma'rV I 



frNVIflONNENvl 



CABIH 
RAM AIR \ 

mi 

CLOSE 



COLD 



i 



I 1 



MAN/RAM 



>H0T 



HOLD 



AIR SWITCH 



120 VAO, I I 



AUTOO- 




COCKPIT 4*1? f 
SWITCH 

0 



RAM 



IN)- 




rtiR-i;9ioitioiniio 

CONTIOI. AfLir 



ON f 



-7^ 



r v" 



■a 



^ C*8IMH0_yENT jUIHE M Pt»»TUII£ COI 



FEEDBACK 



BRIDGE 
CIRCUIT 




HOT VALVE 
{ SHUT 



COLD VALVE 
SHUT 



POWEfl 
SUPPL1 



a I 



REVERSIN6 
TRANSFORMER ^ 



■*! It ' 



CABIN BLEED AIR 
SHUTOFF VAtve 



I 



agraiTt. 



/• 




Chapter 8-POWER PLANT AND AIRCRAFT ENVIRONMENTAL SYSTEMS 



this sensor transmits a fixed signal through the 
temperature controller to the control winding of 
the dual temperature control valve. The valve is 
driven to the full cold position until duct 
temperature returns to normal, then automatic 
control is resu|ned. 

An additional override to the cabin 
temperature sensor js provided by the cabin duct 
thermal switch. This temperature-sensitive 
switch closes when the duct inlet temperature 
exceeds 12L1^C, or the dual temperature sensor 
malfunctions. During these conditions, 120 volts 
is supplied from the 
ENVIRONMENT/SEATS CB (fig. 8-17) through 
the HOT side of the cabin duct thermal switch, 
through contact 4 of the cockpit switch, to the 
control winding of the dual temperature control 
valve. The valve is driven to the full cold 
position. When the cabin dyct inlet^temperature 
is reduced to 121.1 °C the switch goes to the 
cold positip'n and automatic temperature control 
again resumed. 

In the ^automatic mode, cockpit temperature 
is selected by positioning the AUTO TEMP 
CONT thumbwheel. This fixes the output 
voltage of- the bridge circuit in the cabin and 
ventilation suit cojitroller. The signal is 
amplified in the "^ntroller and transmitted 
through contact 4 of the air conditioning relay 
to the AUTO position qf the MAN/RAM AIR 
sviatch. The signal travels back through contact 3 
of the air conditioning relay. to the COLD side 
of the cabin duct thermal switch, then through 
the cockpit switch to the contr9f winding qf the 
dual temperature control valve. 

Manual control of the cabin air conditioning 
system is acquired by momentarily positioning 
the MAN/RAM AIR switch at COLD or HOT. In 
the COLD position, power iis supplied from the 
ENVIRONMENT/SEATS CB through contact 1 
of the air conditioning control relay, through 
the. MAN/RAM AIR switch, through Contact 3 
of the air conditioning control relay, through 
the. COLD contacts of the cabin. duct therrhal 
switch, and through contact. 4 of the cockpit 
switch ta the control winding of the dual 
temperature control valve. This voltage lags the 
fixed phase voltage by 90° and drives the 
two-phase induction motor so that more ^ 
refrigerated air and less hot air is allowed to 
enter the cabin. The valve will continue to move 



until the switch is released, after \yhich the 
switch returns to HOLD and the valve remains 
fixed. . 

When the MAN/RAM AIR switch is toggled 
to the HOT position, power is taken Trom the 
ENVIRONMENT/SEATS CQ through the 
reversing transformer, through contact 2^of tiie 
air conditioning control relay,^ through the* 
MAN/RAM AIR switch, through contact 3 on 
the air conditioning control relay, through the 
COLD contacts on the cabin duct thermal 
switch, aqd through contact 4 of the cockpit^ 
switch to the control winding of the duaf 
temperature control valve. Because the voltage is 
c/routed through th?- reversing transformer it is 
shifted 180° and the control winding voltage 
leads the fixed-phase voltage by 90°. This causes 
the valve to drive in a direction so as to decrease 
cold air and increase hot air to the cockpit. 
When the switch is released, the valve remains 
fixed. . - ^ 

Under any of the previously described 
conditions-in either the automatic or manual 
mode-failure of Electrical power to the cabin 
and ventilation suit temperature controller, or to 
the dual temperature control valve, will cause 
the valve to remain in the positioh it was 
maintaining at the time of electrical failure. 

The cabin, may be ram air yentilated by 
placing the cockpit switch at RAM AIR. With 
the canopy closed, this action deenergizes the air 
conditioning control relay, closes the cabin 
bleed air shutoff valve, and drives the dual 
temperature control valve to the full hot 
position. This effectively blocks the flow of 
both hot and cold bleed air to the cabin,. Either 
crewmember may control the degree of ram air 
ventilation by depressing the MAN/RAM AIR 
switch to either HOT OR COLD, The HOT 
position drives the cabin ram air valve toward 
the closed position, restricting the ram air flow, 
and the COLD position drives the cabin ram air 
valve toward the open position, increasing the^ 
ram air flow. Any position of the cabin ram air 
Valve from full open 'to full closed may" be 
selected. » * y 

Cabin ^ pressurization is automatically 
initiated at 8,000 feet; the cabin pressure is 
maintained at ffiOO feet^^ until a pressure 
differential of- 5 psi is reached. Thereafter, the 
pressureMifferential is maintained at 5 psi. 

\ 
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The''^ pressure schedule SFlmaintained by the 
cabin pressure regulator. This vaive allows t^e 
air passed into the cabin air conditioning system 
to exhaust into the nose compartment. From sea 
level to 8,000 feet, the exhaust flow is 
unrestricfted. Above 8,000 feet, the valve closes 

^down, restricting the exhaust flow Ontil a cabin 
pressure equivalent to 8,000 feet' altitude is 
maintained. The cabin remains at' this pressure as 
the aircraft climbs until a cabin-to-ambient 
pressure differential of 5 psi is reached. Beyond 
this altitude^ the valve regulates the exhaust flow 
to maintain this constant pressure differential 

, throughout the remaining altitude range. 

• ' A' cabin pressure safety valve is provided to 
limjt; cabin pressure in the event of regulator 
m^/j^un c tion.' This valve limits the 
cabintto^mbient pressure differential to 5.5 psi. 
The CA^^ DUMP switch permits eithet- 
crewmerifber -'to dump cabin pressure througn 
the cabm*safety*Valve. Placing the CABIN DUMP 
-switch at ON completes a circuit to the solenoid • 
on the cabin dj^mp valve which opens the cabin 
safety valve. > . 

EQUIPMENT COOLING SYSTEM 

Ram air is the primary means of ventilation 
for the forward and aft equipment 
compartments. Ventilation of these 
compartments is controlled by )jhe ram air 
thermal switch, the equipment cooUng valve, the 
forward compartment ram air valve, and the aft 
compartment ram air valve. 

When the aircraft is in flight, the equipment 
cooling valve is closed and the forwarcj and aft 
compartment ram air valves are open. Under 
these conditions, the right forward and aft 
equipment compartments are ram air ventilated. 
When the temperature in the right win^ ram air 
duct reaches 46.1°C (115°F), the equipment 
cooling valve opens and the forward and aft 
compartment ram air valves close. Thi? permits 
moist, cooled bleed air to flow into the rfght 
forward and aft equipment compartments and 
ensures adequate co61ing when ambient air 
temperatures are excessive. • 

The equipment cooling system flow diagram . 
is shown in figure 8-18. ' '* 



System Operation 



With an^ engine running, the equipment 
cooling sysfem is aiitomaticaUy engaged when 
the AIR COND MASTER switch is placed at 
NORM. (See fig. 8-19.) Under these conditions, 
the circuit from the 28-volt dc essential bus 
tivou^ the AIR COND circuit breaker to the 
solenoid of the engine bleed air shutoff valve is 

• complete, and bleed air flow^ to the air cycle 
refrigeration unit. The discharge from the 
cooHng turbine supplies the cooled bleed air . 
used by the equipment cooling system. 

When the aircraft is airborne and the ram ajr 
temperature is belo>y 46.1°C^15°F), voltage 
from the 120-volt primarv^isis fed through the 
EQUIP. COOL circuit breaker, the 
overpressurization relay, and the unoperated 
ram air thermal switch to the equipment cooling 
valve, the. forward compartment ram air valve, 
and the aft compartment ram air valve. The 
equipment cooling valve is operated to the fully 
closed position and the^ forward compartment" 
and aft compartment ram air valves are operated 
to the fully open position. Ram air flows tiD^he 
right forward and aft equipment compartments 
and the cooled blee'd airflow is ^hut off. 

When the ram air temperature , exceeds 
46.1°C, the ram air, temperature thermal switch 
operates. Voltage from the 120volt primary bus 
is fed through the EQUIP COOL circuit breaker, 
the overpressurization relay, and the operated 
ram air thermal switch to the equipmerft cooling 
vaWe, the forward compartment ram air valve, 
aria the aft compartment ram air valve. The 
equipment cooUng valve is operated to the fully 
open position^and the forward compartment and 
aft compartment ram air valves are operated to 
the fully closed position. Undried, cooled bleed 
air flows to the forward and aft equipment 
compartments and'^ the ram air to these 
compartments is shut off. 

When an overpressurization condition occurs 
the pressure switch operates, closin^^ the 
overpressurization^ relay. Voltage from' the 
120-volt primary bus is fed through the EQUIP 
dOOL circuit breaker and the overpressurizajtion • 
relay to the equipment cooling valve, ithe 

' forwards compartment ram air valve, and the aft 
compartnfient ram air valye. The equipment 
cooling valve is operated to the fully open 



248 



270 



' CMltdBUid Air 
CMditiooMi Air 
ftHwmofi< Cdfrfrol 
E)«(trt(ai Control 
•—^ T«mptjqlvrt Sfniqr 

Hijh Limil T#mp«roturf*5wiHh 
-^u Sofli( Vfnfufi 




GfOUND COOUNC INIEI 
GROUND COOliNG Alt 



NOSE 
WHEEL 
WEll 



1 



PRESSURIZED 
CABIN 



NOSE 

COMPARTMENT pmiei nutf wive 



. SSIVO 
AMPllflER 




lEGUlAIOl 
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position and the forward and aft compartment 
ram air valves' are operated to thfe. fully closed- 
PQsitiari. Under ^ these conditions, the, 
i^verpVessure is dumped into Jhe forward arid aft 
equi^rrient compartments. 

' The: computer pressure regulator maintains a 
pressure of 2 to 3 psi in the equipment coofiiig 
line. 'The- pressure regulated, partially-dried • 
cooled Meed* '^k- ** from the regulator is 
automatically mixed with controlled quantities 
of hot bleed air; by the servo controlled computer 
temperature control- valve. This valve modulates 
in response to temperature signals sensed in the 
computer * in^let- jdyct by the computer 
temperature Sefisor ; to maintain a fixed 
computerduct temperature of 4.4° ± 2.8°C (40° 
^5°F). The temperature controlled air flovyS 

^fhrough the Ballistics Compute/ Set'.^ Sonic 

.Venturis located in the ballistics cpmputer 
outlet duct and the transmitter modulator inlet 
4uct limit the flow of cooling air. 1' 
A safety override', for the computer 

, temperatiire control^ valve, is provided by 
including the . computer cooling shutoff vaiye 
upstream of' the computer ternperature control 
valye. If the computer duct temperature exceeds 

' 65.6°C (150°F), the computer thennal switch 
opens, deenergizing the ' computer overheat 
indicator relay and completing the circuit to the 
COMPUTER OVERHEAT caution light, Voltage 
from the 28-yolt essential dc bus'is fedJhroifgh 
the AIR COND : circuit breaker and the 
computer ovetheat indicator relay. ThiS is done • 
to -energize the computer cooling* control re lay^ 
thereby closing the computer cooling shutoff 
valve. If the computer duct temperature ^.drbps 
below 65.6*^C the contactsi^iof^ the pomputer^ 
thermal switch close, energizingv the <^6mputer 
pverheat in.dicator relay a^d internappig the 
circuit to the COMPUTER OVERHEAT, c^tjpri 
light. The , computer cooling cohtra r"el3y 
remafhs energized^ through^' the computer 

^emer^ncy cooling switch and its own tontactsl! 
When the CMPTR /EMER COOL switch is 
;noHieatarily olaced to RESET, Jhe^ computer ' 
cQoling" contrdly rplay .becomes deenergized, 
completing the circuit ^to. ppen the computer- 
cooling, shutoff vaive.V If \ the COMPUTER 
OVERJIEAT' caution light should cycle on' and 
off indicating a constant overheat condition, the 
computer pooling shutoff valve can be 



permanently closed by placing the CMPTR 
,EMER COOL switdi to ON.. This allows 
uncontrolled/cooled bleed air to, be ducted to 
the Ballistics Computer. * ■ • , ^ 

Air exhausted from Ballistics Computer Set , 
and from the cockpit is circulated through the . 
less critical electronic equipment compartments. 
The direct cooling requirements of the CNI 
equipment ih the aft equipment compartment . 
are su^)pHed by dehumidified, pressfire-regulated 
air tapped downstream of the computer pressure 

regulator, ' . 

... ' 

CABIN AND VENT suit , 
TEMPERATURE CONTROL • 
■ SYSTEM , V ' , ' 

* The cabin, iind' vent suit temperature 
controller is a transistorised electronic device 
that operates on 1^0 v, 400 Hz. Maximunj' 
power consumption i&^28 y^atts. , 

: ^Etectrically, -the controller consists of two 
channels—the cabin temperature channel and.the 
ventilated suit channel. 'Both chanheFs operate in 
basically the same manner^ Bi*dge\>circuits 
*?:ompare ; temperature selector and temperature 
sehsor resistances, which are representative of^ 
selected and actual temperature conditions,' apd 
generate a "resultant dc error voltage. The ^dc 
error Voltage is theft modulated and amplified. 
The resulting ac signal is tl\e output of the 
confroiler and has phase and voltage 
characteristics proportional to the magnitude of . 
the dc error sign^. It is fed % the 2-phase 
^he appropriate, cdntrpl valve to * 
diilatei the valve to maintain the 
Sure. 



servomotor 
contipuousl>^ 
' selected tem 

■, • * ' V* ' . . . ^ 

The cabin temperature channel . of the 

temperature controller utijizes three bridge 
circuits to. maintain cabin temperature. (S^efife. 
8-20.)%electi6n of the desired temperature vfith 
tha'tabin temperature selector varies resistance 
"of One leg of the <^hm temperature bridge. The 
varying ' (*abin temperaturii; Varies .the resistance 
^of the cabin saMor;^in th% second leg of the 
bridge circuit: Ti^; a-seject(5d t^mp mUst^ 
be accompanied by ^ a chahge of^ (^abp 
temperature to provide bridge balance between 
, the cabin sensor and selector! WHeheVer bridge 

if?'*, ... , ''''^ 
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imbalance exists, the resulting do voltage i$ ac 
modulated by the modulator circuit, amplified 
by the cabin ^'amplifier, and fed to the control 
valve servomotor to eith'&r increase or decrease 
cabin temperature. . 

The function of the cabin'duct limit bridge 
is to limit the temperature of the cabin inlet air. 
A diode biasing network permits the cabin duct 
limit (bridge to override the cabin temperature 
bridge when the dtict temperature limit is 



attained. The resulting dc voltage is„ fed to the 
mbdulator circuit, to the cabin amplifier, and to 
^tJhLe>'control valve servomotor to decrease cabin 
eirijS&rature. 

The cabin duct anticipator bridge functions 
Vi^th sudden changes of air temperature in the 
■^6in air inlet duct. This is accomplished by 
capacitor-coupling the error voltage to the 
modulator. When the> cabin temperature is being 
held af the selected temperature with constant 
cabiji inlet air temperatures, the anticipator 



Chapter 8-POWER PLANT AND AIRCRAFT ENVIRONMENTAL SYSTEMS 




R16 



MODULATOR . 
CIRCUIT 



' SUIT DUCT 
TEMP 
SENSOR 





VENTILATED 


: VENT SUIT TEMP 
i. CONT VALVE 






. SUIT ' 
AMPLIFIER 







r!>B+ 
> 


r 






t— • 






CI6 




1 





023 



Figure 8-21.— Vent suit channel. 
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bridge is in balance. Should duct temperature 
suddenly increase or decrease with all other 
conditions remaining the same, the anticipator 
bridge is unbalanced and an error . voltage is 
supplied to the modulator circuit. The resulting 
amplified signal regulates the cabin control valve 
tQ return the duct air to its original temperature. 
Error voltages caused by imbalance of the cabin 
temperature or cabin duct limit bridges.override 
the cabin duct ^anticipator bridge, provided the 
duct air temperature error is gradual or small. 

Qne additional - error voltage is 
caparttor-coupled to the modulator circuit-the 
voltagp change that is proportionate to the rate 
of change of the feedback Dotentio meter of the 
cabin <iual temperature xontrol .valve. This 
vbjtage change is applicable only when the valve 
is being regulated (the feedback potentiometer is 



rotating). Therefore, the error feedback voltage 
seen at the input of the control is proportionate 
to th| rate of change ' of the feedback 
potentiometer. Once regulation of the valve has 
started, '^he" rateK)f-change voltage from the 
potentiometer reduces the initial starting voltage 
to the control valve actuator motor, thus 
slowing valve actuator rotation. 

The ventilated suit channel of the 
temperature controller utilizes but one bridge 
circuit to maintain suit temperature. (See fig. 
8-21.) Operation of this bridge is similar to that 
of the cabin temperature bridge. Thermit' 
temperature sielector resistance in one leg is*- 
balanced agaiilst the suit duct temperature 
sensor resistffice in the oppoisite leg. Imbalance 
between these legs of the suit temperature 
bridge Jesuits in a dc error voltage, which is ac 
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modulated by the modulator circuity amplified, 
and appliedoto the suit temperature control valve 
to alter suit air temperatures. 

Rate-of-change voltage from the feedback 
potentiometer in the ventilated suit temperature 
control valve is capacitance-coupled to the ^ 



modulator circuit. As in the cabin temperature 
channel, this voltage is presprit only when the 
valve is being actuated. It reduces the intial 
starting voltage to the valve once actuator 
rotation has started, thus slowing actuator 
rotation. 
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The supervision of maintenance on ' 
electrical/instrument equipment is a major 
responsibility of senior AE's. The job of 
supemsion is a many-sided task. Some of the 
techniques will have been learned througli past 
experience. Others will have to be learned during 
actual supervision of maintenance. Still other 
techniques may be teamed from self study 
courses and technical publications. 

Three general objectives of shop supervision 
are listed below and discussed in the following 
paragraphs. The supervisor may be able to add 
to this list after a detailed study of his own 
specific duties and responsibilities. The 
"objectives are: 

1. To operate with maximum efficiency 

and safety .V * 

2. To operate with minimum expense^ and 

waste. 

3. To operate free from interruption and 
\ difficulty. ' , 

Operating with maximum effici^cy and 
safety is dependent to a large extent upon how 
* conveniently the workspaces and equipment axe 
arranged in the shop. Making a drastic 
rearrangement to improve the utilization of a- 
single' piece of equipment may not * be 
economicaUy feasible. However; a drastic/change 
which results in, improved utilization of several 
equipments may be worthwhile. The new shop 
supervisor will want to make an evaluation of 
the existing shop layout to assure himself that 
he has the most efficient arrangement possible. 

A supervisor shoOld kriow his men's 
limitations and capabilities. He should use the 
capabilities of his bestmln in a twofold manner. 
~ — "Whenever possible he should "^assi^n a well 



qualified man to do a certain job and add to the 
team other individuals who are less quahfied-but 
who are professionally ready for advanced 
on-the-job training. 

The supervisor must anticipate the eventual 
loss ,of his most experienced workers through 
transfers, discharges, etc., and offset this by * 
establishment of an effective and continuing . 
training program. In addition to raising the skill 
level of his division, the training program will 
ensure that«qualified personnel will be ready fop 
advancement exam^tions. 

A shop safety program must be organized 
and administered. Current Navy 'directives and 
local policies are tjuite specific as to_jthe_ 
establishmentof safety training programs. ^ 

Keeping accurate and complete records is 
another factor "-ip the efficient operation of a, 
shop. This incliiiles records of usage «ata, vSforR 
accomplishment, and personnel progress. The 
most efficient recordkeeper is one who -'has 
enough records withoutfhaving his files bulging 
with useless and outdated material. 

A knowledge of the principles of man-hour 
accounting is necessary in tifie efficient 
utilization of the manpower available. The 
'supervisor §h6uld schedule his workload }n suph 
-^a way that planned absences of.^ey workers will 
not unduly interrupt the daily routine. When 
scheduling the worUoad, he should keep in 
mind the skill level required for the various 
tasks, and assign individu^s to jobs in such a 
way that the work may still progress if any 
worKer is unexpectedly absent. 

Operating with minimum expense aijd waste*^ 
is our second objective. The shop supervisor has 
- • responsibility for ordering and accounting for 
aircraft spkfe parts and material. He musts 
impress upon^his men the need for being thrifty 
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in the use of these, materiars. Tlierc are many 
ways to economize, and the supervisor and his 
.^ijior petty otTicers should always be on the 
/aleft for opportunities to point out these ways 
. } to the less experienced individuals^ 
, . Meeting the third objective depends largely 
^PPn the availability and condition of tools, test 
:*qV4ipnient, and maintejiancj|tf publications. A 
^i>smoDthIy fiinctiomng shop "will have aU its 
ecTiTipment in good working^der. Tools will be 
in good condition, of the proper type, and in 
sufficient ^quantity^ for the number of men 
assigned. The maintenance publication, file will, 
be cbmp^ete with tl^' latest pubUcations 
covering all equipment and systems the shop is 
responsible for maintaining. * 

The ^$hpp functions may be Turther 
smoothed by the Jqdiekrt*^ delegation of 
h authority to individuals next inSpniority to the 
A^pervisor. Delegation of authority does not 
^/eliev^ the supervisor of flie final responsibility 
^.r wcyk accornplishment. It is . primarily a- 
m^a]ri| of relieviilg the supervisor of details. A 
su^el^isor v/m allows himself to become too 
invoked witlr details loses his effectiveness as a 
sud&rvisor. , - ' 



' ORGANIZATION OF MAINTENANCE 
AND REPAIR FACILITIES 

As previously stated, the job of a supervisor 
is a .rtiany-sided one. It has a particular 
imppftance with respect to the operation of a 
maint^riance and repair faciUty. The supervisor 
should fully understand $nd appreciate the 
responsibility he holds as a member of the 
organization. He must be able to identify each 
of his duties with respect to the mission of the 
organization, not an easy task in a field as 
complex and variable as the work of ! a 
supervisor. » ' 

SHOP LAYOUT 

The supervisor's first assignment in shop 
layout may be either the initial planrting for a 
new repair facility or the modernization and , 
improvement of an existing facility. Irt either 
case the supervisor's goal is to utilize space as 
efficiently as possible' ' 



Tlie following paragraphs discuss some of 
the areas to be considered when planning shop/ 
layout. They are not to be considered as an 
exhaustive Hsting of all the problems Ithat will be 
encountered, or as the only solutions to the 
problems. They are, however, a representative 
listing of some of the basic areas to be 
considered. 

Purpose of the Shop , . V 

One basic consideration in planning a shop 
layout is the puii^ose of the shop. When more 
than one space is available, the supervisor must 
decide which shops will occupy the spaces ^nd, 
if necessary, which will have to share spaces. Of 
two available a^eas, for -example, one may be ^ 
unacceptable as an electrical shdp if the shape of 
one of the areas precludes the placement of large 
items of test equipment. This space, however* ' ' 
may be ideal for the instrument shop. 'r* 

Where one shop Js readily accessible pn the 
hangar deck level, and access to another involves 
^ cHmbing a ladder or traveling a considerable 
distance, the ' relative size and weight of ^ 
components would be an important point to 
Consider. ^ . v ^ 

Another factor to cortsider is the clo^e- 
proximity of rotating or sWitchirig devices that 
might cause interference. This would be more 
objectioWble in its effects on some equipment 
than on others. 

Security of classified matter may be a 
consideration in determining the usage of the 
particular spaces. If the amount of classified 
equipment is such that a separate shop can be 
efficiently^utilized for it, the problem of control ^ 
of classifitd publications and material will' be 
greatly reduced. 

Bench Arrangement 

Following the determination of which shops . 
are to occupy what spaces (or areas within a ^ 
space), the next problem is the arrangement of ' 
test benches and test set's within the shop. 
Proper placement of test benches and test sets 
can do much to increase the efficiency of the 
shop. 

The supervisor's first step in planning the 
arrangement of test benches should be to fully' 
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familiarize himself with the power distributiph 
system. Placement and grouping of the 
particular test sets and equipments can be 
accomplished only within t^e limits imposed by 
the power distribution system. In planning for 
ne;yv installations, the supervisor ' should utilize 
the Design muide for Avionics JShop Power 
D0hbutioriM)^y AlYt0l'\A-5\2. . - 

Some test^^^\b^)f^ and .theh ' related 
■ equipments hav^ex|remely high ir^ge or g^reat 

inherent danger ^i^i^' -t-~- 

from heavy traffic 
or tCKjJ issue rooms Wo 
Sufficient worksp 
jdjacent to the test b^c 
^|t equipment, tools, ' 
lical pubUcations, ^ 
lanently mountj 
il/instrument . ^{ 
dynamotors, (§] 
5e accessible 



lons,-^ 
( can do 



Placing these away- 
entrances, offices, 
isablb'. 4 - 
be allotted 
for portable 
e lisb of 

\nd 



j/area designated fpr*:th^* 
...Ji'aii: of miiliafurq. , 

M t^i^c^^^i^p!^^^ be v|iven^,to il^^^ii^^m.^ 

. Mbtheir- G'o^^ placing ^iticftlar 

tear be&htes ?^ their .relationsliSyfi;.^de|^^^^^^ 
u5!a^%ble,<,;io certain;. p.erm^ ' 
: it^ms^^:;^^ 

' e(^^ facflftibs, , machines, or 

devices ' that }fl|^ht %^ erence , , are so me 

V^^pf the^iteiirii^g^^tl b^^ 

• I]f4;A"* separate . shpp is pot:, utilized , for 
cla^fiea equipments,' therif piac^me^l of thes^ 
S equipjTlents in a section of the, sKoi^ wh^C vthe 
•^.plijcsic&l layout Idnds iifself '"to ;ffi[nking ""^ 
^ ■ cirifroUing access jr^^ 






ablei* 



Shop Hoi^keepirig: 



jen^cts ^ ^c^pcl 
|i3>oh^bility' 



A cfea« oMerly . shop 
f %penrisija|f^1hie superyiMr has:, _ 
\ for originating and pi^fehing cj?^^ arid 
i rfjehedules. In^ setting uj^-the^hp^^T a^^ 
and work schedules^tjlthe super^i^or nl^CT 
time for schedulecf jffcariing. TTie g^ailabjJijty. ot 
sufficient cl^in^'Mear to accoim)Ush ^e 
- scheduled cleaning walsp. the responsibility bf 
the supervisor. ^ - 
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Providing proper and adequate , 
space for tools, test equiprtient, pub 
and other materials when not in y 
much to aid in keeping an orderly sho 

In shop housekeeping, as well as other fields 
of responsibility, the constant search for 
problems and the timely solution thereof are 
prime functions of a good supervisor. 

CARE OF TOOLS AND 
TCST EQUIPMENT 

Mliiitenance pf electrical/instrument 
equipmerit requires a large ..amount of expensive . 
and delicate Jest equipment, special tools, and 
common 'hahdtools. Availability of tools and 
test equipment, iin» good condition and proper 
working order, ph do much'to help meet the 
work schedule . and add to the quality of the 
work. Tools and r^ieir Uses, NAVPERS 
10085-B, contains information on the proper 
, c^e - and use -of ra^ny tools, as,- \yell as 
' *irLfPrmation on basic skills infusing hifaidtools. 
;>p.e uAtM maijyals supplied with .each test 
6quipment/A:ontaiit" sections devoted to the 
proper cjurVof, and proper operating procedures 
' ^^Cpr? ^hat specific equipment, and usually for test 
equipmeijt-in general. By utilizing these sources 
of information, the- supervisor can emphasize 
proper use and care of tools and equipment. 
This emphasis can bp achieved in both safety 
ariliivtechiiical lectures, but the most effective 
method is by\ making proper usage and 
procedures yan inherent part of on-the-job 
Irai^^g, joro instructions and explanation, and 
' to-day supervision. 

'^/Applicable allowance Usts specify thfe type 
ated quantity of tools and test equipment a shop 
i^?5^owed. The allowance lists, should be 
cro»i|ie,Gked with a current inventory, and any 
d^icJi^jmfe made up as soon as possible. 
' ^ Bo^organizationil and intermediate level 
maintenance^ activities are on a tool control 
program which* is^*hased on the instant inventory 
concept ,^ 
: Each organizational work center has a tool 
jJ|8^^d on the work center* or work package 
cbnJ^t. The UsJ contains the work center 
designator, tool nonjericlature. National Stock 
>Number, and contract/vendor part number. Tool 
storage is in silhouetted tool containers so that 
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all tools have individual izations to highlight 
the fact of a missing tool 

, ' . Prior^ to work on the au-craft, the work 
center jwpervisor or collateral duty inspector 
holds j|P irtventory jointly with the assigned 
technician, of tool containers to be used on a 
jot). Unnecessary, tools will not be carried on the 
job. Upon job completion another joint 
inventory will be held. Signing of the 
*maintenanGe action forpi the inspector and 
^Hvork'center supervisor is edification that the 
job is complete and all toolsWe accounted for. 
If '^lany to9l is missing, the maintenance acjipn 

^rform. will not be signed anc^ tn^ maintena'hce 
officer will bc^xlotifled. . ' 



SAFETY ^ ^ 

Operational readiness of the . niaxir?;um 
^ nuq|ber of aircraft Vnecessaty if naval aviatrpn 
^ k to^sujccessfuily pei^prm. its rnission. K«?epirtg^ 
_ airo-aft in top dperafting condition is the^, 
nj^^^ f^A»ction; of naval aviation maintenance ^ 
* persoijrieljt is esi^ential th^l maintenance work , 
^^K^e 1^^^^^™^^ without injury to personnel and ; 
"^l^dami^e tJj^quipirifeTit'^d airx^Xjift. 



E|iect^al/insirument nikinjQnance.^ iSi^to;^f*^ ^ 
soij^ extent, naturally hgiardOys' dtli^ to* the' 

TliiP^^ vf^^^?M^^^ eqwjpirient and tool^ 

f>i|P)lyed,jP^rf*^ variety of materials -f^quired to 
. p.er|jorm ' many, j^epairs and fhayitenance'^ 



fgtictiohs.^*' Factors which can 
increase (;)r decrease the^e hftzaids^ 

1. T5*^..e*penence TeveR' 
attj^ales o«signe& personnel. 

^ The quality of sg^ervisi 
maintenance t^ks. 



function'* 

re : ' ■ , . ^fe ' 

, ' • ' *» ■ . i. 

and ' mental / " 



cJf. the 





indc^ctrfiiation of airpd 
the niJ^' iji!|jfeortaint>:^singlekStep iTt^^ajntj 
^^^rf^r'woMcin^cpnditioW^ - 

The cQncept of maintenance s3|ely should 
extend beyonc^ concern for. injury , to ground ^ . 
crew^^ersofinei ' and<:jd^^ to equipWnt^ and .* • 
aircraft. Safe work^robits gcJ" hand-in-hi^withV) 
flying s'afetj^/Tools left in ^j^raftf' i^?roper 
t'orquin^ of^steners,.^and jww housekeeping 
around aircrarft can caus^ conditions which may 
claim the lives of flying pe|^nnel: Safety ^n the - . 
ground is equally a^^^^portant ^safety, in the 

. 258 



au*. 



It, has been stated • that ''Whilii^the increased 
complexity of our riiddetn aircraft is a factor, it' 
is noted that a large number of 
maintqnance-errq^r-'cause^d accidents and 
incidents are .vdue'v', ^.(^^ tq^ complexity of 
equipment, but lo' I^dk oCVsupervision arid 
technical knoWledgfe; '^^ny^istakes are simple 
ones in routine jTiairitei>a.ri'C^' -^^'j 
Safety , in . . .i^rcraft ma^tenance depends"^^ 
largely , upon ::tii^^^^ supervisory ^personnel. 
Standards of quality i^whicli ihfey establish and 
maintain are d^r^jitl^^^elleeted the quality of 
aircraft maintenaniSe^^ " iTfip vjirimary duty of 
senior petty officer^ js t<T^'pervise and instruct 
otlj,ers, rather fitatrio become totally engrossed 
in actual\pr6di*cfe to perform both 

f uii c t ioii^v ii^:^iabl|' result in inadequate 
supervisio^t;;. .^and ^^ater chance of error. 
^§upervi$Qrs:i must -exercise * ^ mature judgment 
' wjljdn as^grtinggpersQhnel to niaintenance jobs. . 
. CbMj^uieratibli Mfny^^ givQn to each man's 
experience, trainfirig; and ability. 

":Sdmetimes overlooked in a maintenance 
'cprogra^ : ai^^Vthe considerations generally 
gfauj)fcd'ti'a^ "human factors." These. 

fai^tprs^^are^dJ^ in that they determine if 

^an trtd^lduaKis ready and physically able to do. 
wo*j^|Wfely/.;and with quality. Supervisory 
per5oniA(pl shpuld be constantly, avvare off^ 
conditip^s such as general health, physical and 
:ifi'entai;^fatigi^ unit and indivklual morale, 
training vanS experience levels of /personnel, and 
other coiidifions which can contribute in Varying 
(fegree.s tQ^^ work. Not only is it important 
that proper tools and protective clothiiig and 
equijjment be available for use, but also the 
insi^t-ence by maintenance supervisors that they 
ARE used is of utmost importance. 

^ It is a continuing duty of every p;erson 
connected with aircraft maintenance to try to 
discover and' elimrriate unsafe work practices. 
lAccidents which are caused :by such practices 
may not take place until a much later date and 
theift severity cannot be^ predictpd. The 
consequences may range from simple niaterial^ 
failure to a major accident resulting in serious 
injuries or fatalities. \ 

There are several areas in which ihe shop 
supervisor can • effectively work to /minimize 
accidents ~ incident to aifHraft maintenance. 
Among these are continuing Inspections of work' 
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areas, tools, and equipment; organization and 
administration of safety programs; and correct 
interpretation of safety directives and 
precautions, and energetic imaginative 
enforcement of them. * 

Inspection of Work Areas, 
Tools, and Equipment 

The supervisor should diligently inspect 
work areas, tools, and equipment to detect 
potentially hazardous and unsafe conditions and 
take appropriate corrective action. The AE may 
be working in the shop, in the hangar, or on the 
line, and all the^e areas sholild be included in the 
supeiyisor*s inspection. 

Fire and explosion hazards present a serious 
problem. NO SMOKING rules should be 
enforced, as should the rules for operating 
electrical equipments during^fueiing operations 
or at other times when it would be hazardous. 
Grounding wires should be used when and where 
prescribed. Spilled oil, grease, and chei:nicals 
should be wiped up immediately, and the rags 
used should be placed in covered metal 
containers. 

. Handtools should be in good condition, of 
'the proper type, and used only fo;- the purpose 

for which they were intended. Toofa awe/ Their 
. Uses, NAVPERS 10085 (Series), provides 
^x^ensive coverage on safe use and care of 

handtools. 

Power tools should be inspected frequently 
for cpridition of cord, and to ensure the 
three- wire cord and three-pin plug are utilized to 
minimize the possibility of electrical shock. , 

When * replacing a three-wire cord /plug (see 
fig. 9-1) examine the socket/plug carefully and 
you will find that. one of its two terminals. for 
wire is bright in color, usually nickel plated or 
tinnecf. The white wire always connects to tltis 
terminal. Another wire, usually black^ goes to 
the natural brass colored terminal, The third 
prong of the socket^lug is round or U -shaped, 
and is us^d tq^onnect the third wire, which is 
green (sometimes green with a yellow stripe). 

One exception to the use of three-conductor 
grounded C6rd concerns plastic-cased . tools 
(drills, Sanders, grinders, etc.) that haye been 
developed^o eliminate the risk of electric 
shock. In these tgols the shafts and chucks are 
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USE THE CORRECT PLDG ! 



SAFETY 
GROUND 
PIN 




MAKE CERTAIN THAT THE TOOLS 
YOU USE HAVE A SAFETY PLUG 
AND CORD WITH INTEGRAL > 
GROUNDING CONDUCTOR. 




40.67 



Fiyure 9-1.-Tvpicai Grounding Plug. 



isolated electrically from the drive motors. DO 
NOT replace the two-conductor cat)le on 
plastic-cased tools with three-conductor cable IF 
the plastic-cased tool has* an information plate 
on it. stating that "grounding is not required."! 

?fEnsure that equipnient is used only by 
'i^jualified personnel, and that all safety devices 
i and guards are installed,^ in good condition, and 
u^ed^in the prescribed manner, \ ' 

Electrical maintenance personnerfrequently 
encQunter dangerously high. . voltages, sUid 
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^dhftrence to aU electricar safety, precautions 
must hg required of all personnel. Refer to Basic 
Electmty, >JAVPERS 10^86 (Series),' and the 
^ ktest issue^f Aviation a^ricians Mate 3 & 2, 
T specific electrical safety precautions. 
By frequent inspections of work areas the 
supervigir can discover unsafe work habits of 
assignOT^* personnel as 'well as unsafe conditions 
that exist. This is important since some young 
and inexperienced personnel, in thei^ concern 
for optimum functioning of equipment, may 
neglect the safety warnings found in the manual^ 
for the equipment ^ ^ 

Organization and Administration 
of Safety Programs 

The safety program- for electrical 
maintenance personnel should be conducted / 
with the purpose of making each electrician airJ 
electrical safey specialist, trained to recognize 
and correct^pnsafe conditions whenever they 
may occur Spasmodic drives on accidents 
cannot substitute for adequate training, as they 
tend to be^ quickly forgotten; new situations' 
arise every day and bfing new dangers. WoiJ^^^^^ 
methods which do not *^ expose' personnel^ 
unnecessarily to injury or occupational heajtb^ 
hazards must be adopted. Instruction "in 
appropriate safety precautions is required, and 
disoiplinary action should be taken iit' cases of 
willful violations. ' ' ' 

The shop safety program generally involves, 
three areas, of attention-the posting of the most 
. important safety precautions in appropriate 
ffbces;' th^ incorporation of safety lessons in the 
formal training, pVogfam, and frequent checks 
. fW uindeijgtan^ing during the day-to-day 
supervisioM^I* Work. 

^osteSSsafety precautions are more effective 
if iffjey may be easily Complied with. For 
exMpIe, a sign in the battery. shop requiring use 
of|€oggl^s and gf^ves when handling batteries 
could also point out the location of the gjoves 
and goggles. 

Fixed posters 'and signs shquj^ be renewed 
frequently and not allowed to Become rusty, . 
faded,'^ or covered with dust and dirt. Gerferal 
safety posters on bulletin boards and other 
places ' should be rotated often to stimulate 
interest. Appropriate ^safety posters may be 



obtained from the squadron or unit safety 
officer. 

Formal safety training sessions should utilize 
films, books, visual aids, or any other suitable 
technical material. The men should be told more 
than' just what to do, or what not to do. Each 
safety subject should be explainedan detail. The 
results of unsafe acts ^are usually dramatic and 
'eaiily remembered. Causes of accidents and 
cokributing factors sljould be reviewed and 
analyzed. Many gdiod ideas for accident 
prevei^ion have been developed in training 
sessions devoted to such analysis. 

An extensiye series ' of lessons may be 
developed over a period of time as latent hazards 
are recognized,'^ and this will ^d in keeping the 
sessions interesting while avoiding too frequent 
repetition. ^: 

It may be well to mention the new man in 
the ^op at this point A. separate safety 
indoOTnnation lessoji which covers all the major 
hazards of the shop should be given the new 
man as soon as he reports for work. No 
^supervisor with an effective safety program and 
an excellent sh'op safety record wiants to take 
the chance that -the new man will be hurt before 
attending the complete ''feries of safety lessons. 

Irl the third area of safety program 
administration— followup, the supervisor will do 
well to delegate authority/ to his subordinate 
petty officers to assist him in^monitoring the 
program. The attitude of subordinate petty 
officers toward safety regulations. is important. 
The junior petty officers should respond more ' 
readily to the safety program when given 
responsibilities in the training of new men than 
when the plea for observance of safety 
precautions is made solely on the basis of their 
personal protection. . I 

Also included in the followup area is a 
responsibility of the shop supervisor to inquire 
as quickly and thoroughly as possible into the 
circumstances of accidents and reports of unsafe 
practices, and to take coi^ctive action or make 
rec^mendations to ccmipeterit authority. 

Ihterpretation of Safety -S. 
Directives and Precautions 

The items in the various safety directives and 
publications are designed to cover usual 
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conditions in naval activities. Commanding 
officers and others in authority are authoriz^ 
and ' encouraged to issue special precautions t^ 
their commands to cover local condition^/ an d^; 
unusual ' circumstances. The shop supervisdf 
must include both of these in the aclministratipn 
of his shop safety program. 

**Safetyy directives and precautions should be 
follo\yed ' to the letter in their specific 
application. Shpuld any occasion ari^ in which 
any doubt exists as to the application of a 
particular directive oi" "precaution, the measures 
to * be ^ tak^n are those which will ^ achieve 
niaximum safety. 

■■I When n^ safety posters or precautions 
posted, it is the responsibility of the shop 
supervisor to correctly interpret their 
application to his men. In this way he will be 
able to achieve a unity of thought and action in 
^^w=^servance of the required safety rule, 
f The organization's safety officer is available 
1 to assist in interpreting Vnd suggesting ways of 
implementing various "^safety directives and 
precautions. / > 



TRAINING PROGRAM . 

The Navy places great emphasis on effective 
and continuous tiaining. As a supervisor you 
havfe a regular and continuing responsibility for 
the training of others. An efficient training 
program will do much to alleviate the loss when 
experienced and highly skilled persphiiel are. 
transferred. 

The organization's operational readiness . 

; depends- largely on the capability of the 
maintenance department. In turn, an: imp^tant 
part of the maintenance department 's?work is 
perforlhed. by the Aviation Electrician's ;Mate. 
Consequently, the quality and scope of your 
training program have a real effect ^n thp. 
organization's effectiveness. '. 0 

The senior petty officer, as ar^pervispr, 

" must be able to organize' and conduct an 
efficient sliop training program. 

■ 9- ' ■ 

Organizing a Shop \ 
Training Program 

The first phase in. organizing a ttaining 
program ^should be to determine its objectives. 



. On the 'sitcip level, these objectives should be as 
follqv/s: 

1. Training of iften on subjects of a general 
nature as specified by the Manual of Navy 
Enlisted Manpowerand Persoiinel Classifications 
and Occupaiional Standards, NavPer^ 18068 
(Series). This training is intended primarily to 
aid the men in rate advancement. 

2, Trainihg of men on specialized subjects; 
namely, the circuits and equipment used in the 
squadron aircraft. This '^training is intended 
primarily to improve their daily working pro- 
ficiency, and improved proficiency is generally 
of more direct benefit to the squadron than 
rate-advancement training. v 

The second phase in developing a training 
program includes a considerable number of 
steps. The most important of these ^re: 

1. Evaluate each- man to be instructed, for 
the purpose of determining the starting level of 
the subject matter. For instance, if one or more 
of thp 'men have never attended a service school, 
he must be instructed at the basic level of 
fundamental electricity. • ^ - 

. 2. List the sulrjects to be taught. Inclusion 
0f a nu^§r..of the J^gms on this Ust will be 
dictated by the MamS^of Navy Enlisted 
Manpower and Personnel Classifiqitiohs and 
Occupational Standards, NavPers 1 8068 (Series). 
These ivill be general subjects, a very few of 
which are electron theory^ Ohm's law,, capacitive 
. and inductive characteristics, and fundamental 
transformer theory. The rethainder of the list 
will be made up of specialized items pertaining 
only to the particular squadron's aircraft. ^ 

3: Search" out - reference books or 
publica'fions which cover iall the items of the 
foregoing list. The latest revision of 
NAVEUTRA K1052, Bibliography for Advancernent 
Study, is liseful in this connection. At 
this same tirae, the subjects should be arranged ' 
in the most logical sequence for teaching. 

4. Prepare a lesson plan for each suBject. 
When the lesson plans are combleted, they will 
have to be approved by the maintenance officer, 
because he is officially responsible fpr the 
^ contents of such training programs. , \ : 
t • ,5. Procure space?:, for carrying out the'^ 
'lecture type portion Of; the program. This will 
. usually be in the electrical shop. However, if 
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other space is available, such features as possible 
seating arrangements, ventilation, lighting, and 
outside noise levels should' be considered in 
selecting the proper place. ^ - 

TRAIJSING- METHODS. -Training ^njethods 
coyer a large field^ which is a course of study in 
itself, A clo5i?r and; moK\ detailed study of this 
field is made in the Alan ual for NavyJnstructors. 
NAVEDTRA t07.; Also; the latest editions of. 
the Military Requirements training Manuals, 
NAVPERS 10054,'^Jti00^6, 1005t,\and- 
NAVTRA 1.0115 'all contain information . on 
training/ ^ 

Only the simplest methods of trair^ing are 
mentioned here, but these should be sufficient 
for informal shop-level instruction. 

Tlie first lessorKlp the traiitKm/^program 
should ileal with electrical fundamenrals. These 

■ serve to prepare the men for the subsequent 
teaching of specialized equipment. 
Fundamentals will bS taught rhostly by lecturing 
and u§ing a chalkboard to illustrate, important 
points. The instructor must keep in mind ffluring 
this\ stage that he is teaching general, priociples 
and terms which will be uspd verbatim wnen he 
teaches specific circuits later on. The instructor 
must cover Such^^ fundamentals as 

.electro magnetism ^and magnetic amphfiers so 
thoroughly that no question as to their 
operating principles , will, arise when they a|,e 
later encountered in equipment. 

Teaching fundamentals on the shop level is 
rnore difficult tlian at service schools, because 
the instructor probably will not have the means 
to make demonstrations, or to set up lab 
problems^ 

- At its best, classroom instruction is limited 
in effect. Useful and practical knowleclge is 
gained by thfe.' trainees when they apply 
fuindamental' and theoretical tQachings to actual 
.equipment. When commencing instruction on 
specialized squadron aircraft equipment, the 
training methods must be thanged somewhat.^ 
These' changes involve^ breaking each lesson'into 
fotir steps when teacljing equipment. TTiese stops 
are: 

1. Extensive circuit ^eory and. - unit 
function, referencing the approf)riate Service 
Instruction Manual. „ 
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2. Operation and obsen^ation of ' the 
equipment in action, perfo^Jifed by the trainees 
at-tKeli)ircraft, under •sflper^ion- 

3; (Making calibration ok adjustment, done 
only when such adjustment is actually needed, 

and under supervision. ' j 

■ ^ 

^ 4. Signal tracing, trouble isolation, and, 
parts replacement, done when actually needed, 
and un(3ipr supervision. 

Each equipment lesson should <ieal witt 
only one circuit or set at a time, and as manv/of 
the fof egoing four steps as possible shoulxr 8e 
carried out in turn. In most cases only st/ps F 
and 2 will be carried out as routine instruction. 
Tlien, when a discrepancy report on. a/circuit 
which has been tauglit through steiJS-J and '2 is 
received,- one or,., more of the 'trainees may 
accompany an experienced supervisor to the 
aircraft, and carry out steps^ 3 and 4.^ This 
method of training is thus seen to serve a dual 
purpos^; trains the men to do a job (the second 
time viHthout direct supervision), and also 
routine maintenance work is accomplished. 

TRAINING MATERIALS ANI> AIlDS.^A 
limited number of training materials ar€ used in 
a shop level training program. It may not be 
practical to build visual aids such as mockups 
and models, as js done in service school^. The list 
of materials for the trainees probably will 
include only note pads, pencils, and as m^y 
. study texts as cap be procured from yarious 
sources. Tlie instructor's essential materials v/HT 
.include lesson plans, training records, a , 
chalkboard, and chalk. The required materials 
will depend mostly on eachindividuahsituatian. 
For instance, }{ a squadron is constantly inovingj" 
the chalkboard should be portable, ai\^ should 
fit in a cruise box. For teaching at a shore 
activity,' the chalkboard could be lai^ger and 
permanently attached to a bulkhead. 

A effective shop traimng^rSgrairi may be 
further enhanced by the usVof training aids. The 
supervisor should always be on^the alert for"-* 
material that can' be utilizl^d as training aids. He 
must be aware of the* existence of applicable' ^ 
training films and, i^hey 'are available, schedule.<^j 
them for showing in c.olnjuriction* with specific 
lessons. , - ' ; ' 
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Types of Trainmg'' . f 

SCHEDULED TRAINING:-Pr'epare 
flexible traihing schedules. In case of bad 
weather, operational commitments, and other, 
unit demands, it can be revised as necessary. 
However, when the tim6 of day and the day of 
the week have been fixed ahd the schedule does 
hot have lo be .changed for one of the reasons 
listed abovjfe, adhere to the schedule. 
t ■ • ' . . 

NONSCHEDULED TR AINING:-This 
consists mostly of on-the-job training. 
^On-the-job training is predicated upon the 
system of learning by doing. This system 
employs a small class comprising an experienced 
electrician (instiaxctor),'^ and a striker or strike^ 
(trainees), who work together to correct 
deficiencies in particular equipments. This type 
of training has a dual advantage in that the^ 
necessary maintenance is accomplished alSng 
with the required training. The instructor 
explains clearly the cQjnplete proce([iure he is * 
following while performing the maintenance, 
and questions the trainee throughout the 
procedure. Thus he is able to instruct and to ^ 
determine the trainee's progress. The instructor 
will gain , iiy experience, 'confidence, and 
leadership. There should be a complete record 
kept of §11 on-the-job training. 

' TRAINING RECORDSl.VFrom the 
foregoing, it "is apparent that people may, 
become trained, to various levels on equipment. : 
This is true because some jnay miss lessons at 
timeis. There is alsQ^e probability of personnel 
turnover. ObviouslyJ^you must see that' a 
training record is carefully kept on each man, ' 
with an entry^made each time he has undergone, 
instruction. 

SPECIALIZED MW^INtENANCE 
TRAINING :-The supervisor, can do much to 
improve the performano&\fcvel of his men by ^ 
ma^^imum utilization of tjie specializec^.^ 
maintenance traming that is available. This"'./ 
includes Naval. Air Maintenance Tiaining-Groiip^j^ 
units, C-type schools, etc. ' B 

'The Naval Air* Maintenance Ti^initVfe Group/i^ 
provides.;on-site training for officers and e^nlisted * 
personnel in the/operationi maintenance, and 




repair of aeronautical weapon systems and 
associated equipment. 

. ' The^ FASOTRAGRUs (Reet Aviation 
Specialized Operational Training Group) 
provides instioiction of Fleet personnel in 
courses covering operational and ^tactical 
employment of specific equipment and "systems. 
Information regarding availability of courses is, 
contained in the CO-MNAV- 

. AlRLANT/CpMNAVAIRPAC 1 500 (Series) 
Instructions, /■ \ 

The NAVAIREWORKFACs (Naval 
Rework Facilitij^s) provide certain speci; 
t xmn i n g' for m ilitary personnel in 
mamtenance of modern aeronautical we^ 
systems. This training is not intended 
duplicate any 'present courses of instruction 
provided by the NAMTRADETs (Naval Air 
Maintenance Training Detachment), but is 
intended to supplement the other training 
courses. Most courses are of short duration and 
^emphasize troubleshooting, alignment, 
^ specialized training, arid bench work on various 
accessories and. components. These courses are . 
' tailored to the operational requirements oft he 
Fleet and' the Training Commands and are listed 
in NAVAIflSYSCOMREPLANT/PACINST 
15*00.2 (Series). / , 

In^ addition to utilizing the schools 
".•mentioned above, ihe quality of maintenance 
' training can be enTlanced by utilizih^the 
assistance offeredl by Naval Aviation Engineering 
Service Unit (NAESU) engineers jji the training 
f program. ^ • 

^ SUPERVISION OF REPAIR WORK , ' 

One of the most important duties of' a senior 
AE is that of , supervising repair work. The 
electrical/instrurnent supervisor is responsible 
for the'eiectrical/instrument work performed on 
*4he linfi^as Wj^ll as that'perform'erf'in the shop. 

One of the most important , aids in ^ 
supervision is a job: plan. Wlieri setting up a job \ 
• plan,;cpnsider these questions;. - • 4> 4t : 

• ^/^ ' ' ^ ■ ' 

\ ' l:f What.is thejob^?. , ' ' 

; 2 vHpw can itbe .accbmpUsh^^^ 

3!^ How majiy^men ar)5 required? 

4. What tools, and' materials are^ecess 
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Detailed ' rersponsibilities of : the 
.electrical/mstrument shop supervisor include 
^alysis of reported discrepacndes, scheduling, 
job priority, assignment of personnel, checking 
work in progress, and inspecting completed 
work. 

ANALYZING DISCREPANCIES 

Knowledge of the causes of previous 
discrepancies plays an" important role in the 
evaluation of newly reported discrepancie|to| 
Work centers are not required to. maintain a file 
of past VIDS/MAF discrepancies after the MDR- 
- \ is verified, as maintenance control retains these 
for a minimum of three months. Maintenance 
control also retains completed calendar, 
phase, and special , inspection records and 
completed checkflight records for a minimum of 
6 months. All of these could prove helpful in 
analysis of repetitive discrepancies or in 
establishing trends. 

Another source of information is tHe service 
publications distributed by some' ; of the. 
manilfacturers/ These publications . will not be 
used in lieu of the Maintenance Instcuctions 
Manuals, hut they still provide valuable servicing* 
and troubleshooting Mnts as well as simplified 
operational analysis. • 

Each shop should have a qualified^ 
representative available during the pilot/crew ' 
debrief after each flight. This will assure a better 
understanding of the reported discrepancy, 
which is essential for effective troubleshooting. 

JOB i»RIORITY AND SCHEDULING 

Determining which jobs should be 
perforriied first -is one of the major , 
responsibilities of the. supervisor. This is an 
important phase of the work, fot these decisions • 
determine the use of facilities—men, material, ' 
and machinery. Routine work presents na 
particulv problem to a well organized shop, but 
rush jobs can cause much confujiop unless they 
have been thought,, through and steps haVe been 
taken to see that th^ work follows weU founded" 
principles.^ . ' ^ » 

• Whe^ . scheduling woi^jk," insure (if practical) • 
that .th€ men or crew^ will be. working an 
different types of jobs, f f "a number of .men or^ 



crews are assigned to the same type jobs there 
may be an overdemand for certain test 
equipment, toals^^-^d. workspace.* This often 
results in Confusion and loss of time. > ' 
It is also important to schedule activities so 

, that work i^ accomplished in the proRer 
sequence. This is" especially irnportant if you 

. have mQVi working on different phases of the 

•^r^l^uture job assignments should be included 
l^he work schedule so. that time will be 
: aB^ted^ to accomplish them. This may make it 
iSfecessary to rearrange the present work Schedule 
to ensure that special jobs will not interfere with 

the accomplishment of routine work. 

■* ■ 'a 

ASSIGNMENT OF PERSONNEL 

Mn distributing work, be fair tp all the mien. 
It is a natural inclination, and a part of every 
person> makeup, to. give the ,breaks to the 
people he likes. The important thing is to reaUze 
that you have this inclination and to control it. 

Avoid having aj^mah do all the work of one 
.type just because he happens to be an expert in 
that particular phase of the work. Pass the work 
, aground so that each man has an opportunity to 
develop his 'skill in all phases of an electrician's 
job. Assign strikers ^to assist with various kinds . 

work so they will gain experience on all kinds 
of jobs. / * 

Rotating assignments makes the* work mWe 
interesting for the men and, in addition, better 
qualifies them, for advancement in Wirlg. 
Another good reason for rotating assignments is 
that if one highly skilled man does all the work 
of a certain type, the shop \yill be at a great 
disadvantage should he ever leave the crew. 

The man who is going to do the repair job' 
may require detailed instructions on how the job 
is to be perffipied. The senior AE should be. 
careful to see^^that the man fully Understands 
what he is going ^do, so as to prevent any 
mistakes due to misunderstanding- of 
instructions. The amount of instruction depends 
uppn the knowledge and experience of the man 
concerned. If lie is an experienced rated man, it 
may only be ifecessa^ to tell him what repairs 
must be accomplishecr Inexperienced men. will' 
need additional instructions on what test 
equii^ment to \ise, and the proper procedure 
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to follow. Men should understand that they are 
free to ask questions 'in case they are^in doubt 
about any details in doing their assigned work. . 

In addition to giving instructions oh how a 
job should be accomplished, it i^ also advisable 
to be sure the worker i/nderstands • the 
importance of the job, the origin of the job^ and 
the part that each person will play in 
accomplishing the work. In general, men are 
interested in why a job is necessary and how it is 
to be -accomplished, ^nd will usually^ turn out 
better work when they have a clear picture' of 
the total job. ^ 

CHECKING PROGRESS OF WORK 

• The assignment of vyork is only the first step, • 
in processing a Job.. The AE who is in charge 
must knoNv his'then. "He should have a fairly^ 
good idea of each man's ^kill and ability, as wefl : 
as each man^s knowledge regarding tfie operation 
of equipment arid the accomplishtt\ent'of repaif 

" work.^'^ . • 

The best way in which the AE supervisor can . 
obtain this knowledge 4s to make frequent 
inspections- and check the progress of work 
being performed. In that w^y^ he will have a 
good idea as to which jobs, or ^which men, 
require the most supervising. ' . 

''When checking on the. prpgress of work, the 
senior AE should be^sure the men. are observing 
' prope^r- safety pre,cautions in regard to 
themseh^es and the . equipment ^ they are 
operating;; In addition/ he should gee, that each 
man is using the proper tools, and note the 
quaUty of >worl< being performed. 

In case of any doubt, the supervisor should 
'" check^o sie$ that the men understand His 
.instructions ptop^rly and are doing the work 
correctly, tt^'^^oessary, he should provide 
additional instructons^.,to give a better 
understanding ofrthe^ob, or' to improve ^ 
. workmanship/By feinqderitly talking to the nien 
and answering their questions, the supervisor can 
prevent work and material from being wasted, is 
a>uld be the case if he wert not availableiitp give . 
' ^ the correct details. * " • , a • 

• Complications may develop on some repairs 
>^ch may bqui^ additional '.•plafining' iand, 
revised repair procedures. By observing , the 
progipss .of 'the • various jobs,; and whether any are 



^ ahead or behind thfe plamied st:hedute:, "the 
supervisor wijl be able t(>change the schedule in 



order to prevent ^^bottlenecks." 



INSPECTING COMPLETED. WORK 



J When a^b has-been ^completed, the senior 
AJE should ensure that the work is inspected as . 
required,: remembering that QARs'or CDQARs 
are "required tobonduct\final inspection of all 
mainf^nance/lafks whieh at their^ compfeticuft ' 
require an aircraft to have a .fuaGtional 
checkfiight. 

The inspector is .responsible for det(?rtni)\ing ^ 
whether thei repair job; ififcluding replacerherit 
parts, rneets the following sjtandartis: ' 

/ f; 1. Have tlie- ie^^aired. pacts' been correctly 
Installed in accordance \yith ih$tructions?^, " 

2. Is the repaireij item or replacement part 
free from defects in nAtj^^l ^iid workmanship?^ 

3. Have all partsv^ accessories' to ihe 
repaired ^uipment been replaced or t^installed 
correctly? • jf- / ^ 

- 4. Has the proper replacement pdrt been 
used in making repair^?' . ' 

5.' Has the part or item been properly 
checked and certified ready for service? 

The existence of 'a properly functioning 
quality ' assurance'^divisioT^ in no way decreases., 
the responsibility pf the shop supervisor for the 
quality of wqrk acconiplished. Since the work 
was performed by shop personnel under the 
direct supervision, bf^. the senior AE, the quality 
of *the work ' is fundamentally a* shop 
responsibility. .» 

Functional fjheckfliglit • 

AirborTB^^electrical/instruntdnt equipments 
are' thoroughly checked after repairs, both in the 
shop and on, ground tesj^, after remstallation in 
thfe' aircraft. -However, '^some'lypes.W repairs are 
not considered Complete until the (Equipment's 
performance is proved in actual flight. 

, Checljflight checklists are promulgated by 
^'d i re c t i o n b f^i t h e C o m m a nd er , 
"NAYAIRSYSCOM, and issued, as NAVAIR 
Ol-xxX'1-6,; ' NATOPS o^Functibnal Checkfiight 
Checklist. Additional requiremejfts may be 
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imposed by operational commanders as necessary 
for environmental conditions and aircraft types. 

Checkflight checklists shaU contain 
provisions for recording: ; 

1 . Required instrument indications. 

2. Satisfactory or unsatisfactory 
performance of all listed items or systems. 

3,. Detailed' comments and 
recommendationsr concerning the flight. 



" Completed—checkflight checklists shalf be" 

retained in the aircraft maintenance files for a 
minimum of^ six months, or for one 
calendar/periodic inspection interval, whichever 
is greater. 

i> • 

MAINTENANCE PROCEDURES 

. Performance testing data, along with other 
maintenance information, is covered in the 
Maintenance Instructions Manual for each 
particular electrical/instrument equipment. This 
information has been written to enable the 
electrician to make an intelligent evaluation of 
the operating capabilities of that equipment; at 
the same time, the data serve as a gage for the 
measurement of equipment efficiency. The 
standards are designed to ensure the equipment 
operates at maximum efficiency at all times, and 
to reveal any^" change from this optimum 
^performance, thus indicating the need for 
corrective measured. 

' The information presented in these manuals 
gives the electrician a step-by-step performance 
check with all the test, connections and test 
equipment ; dearly indicated fo^ each step. 
Performance -testing is discussed to show the 
relationship between that type of testing and 
preventive maintenance, as a means of 
emphasizing that the final results may indicate 
the need for corrective maintenance. Both 
preventive maintenance and corrective 
maintenance are discussed in the following 
paragraphs. Troubleshooting— considered as the 
principal form of cprrective maintenance— is 
analysed in det;ail. . 

PREVENTIVE MAINTENANCE 

The best maimenance work is preventive in 
nature^ potential failures being detected and 



cprrecfefl^before they have a chance to develop. 
Preventive maintenance "is defined as^ those 
measures taken periodically, or when needed, to 
achieve maximum efficiency in performance, to 
ensure continuity of service, and to lengthen the 
useful life of the equipment or system. This 
fqrni of maintenance consists principally of 
cleaning, lubrication, and periodic inspections 
aimed at discovering conditions which, if not 
corrected, jnf\ay lead to malfunctions requiring 
"m^jor repaiK /^^^^ ' . 

Inspections and Tests- 

Inspections fall into two . main categories. # 
First, there is the regular visual inspection of the 
mechanical aspects of the equipments. This is 
conducted for the purpose of finding dirt, 
corrosion, ioose connections, mechanical 
defects, and other sources of trouble. Second, 
there are functional inspections that are 
accomplished through periodic^ tests and through 
less-frequent bench tests, to realize the most 
effective results from the regular functional 
inspections, a careful record of the performance 
data on each equipment must be kept. > 

The value of performance data records is . • 
demonstrated in a number of ways. Comparison 
of data taken on a particular equipment at 
different times reveals any slow, progressive 
drifts « that may be too small to show up 
significantly in any one- test. While the 
week-to-week changes may be slight, they 
should be followed carefully so that necessary 
replacements or repairs may be made before the 
margin of performance limits is reached. Any 
marked variations should be regarded as 
abnormal, and should be» investigated 
immediately. Another advaAge in keeping ^ 
systematic records of performance and ^servicing 
data is that Vnaintenance personnel moreraj^dly 
develop familiarization with the eqij^mW 
involved. The accumulated. €jxperience comained 
in the records furnishes a^uide to swift and 
accurate troubleshooting. ■ • i 

The actual work of testing and seryicirij 
weU as that of recording* performanceri 
should be done systematically. While a logiS 
sequence of steps is required, this.j^oes not 
imply the rigid necessi^ of making only a 
step4)y-step progression. Working, >yithin the % 
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overaU pattern . of procedure, Jmaintenajlce 
jpersdiihel should analyze * tiie results/bbt^ecT 
and elinunate unnecessary steps. / '\ r \ v 

CORRECnvi MAINTENANCE ' w ' 

^ . Corrective maintenance ^Konsists : * of , liie 
vlocation and correction of troQbles wheneverap 
equipment or system fails to function property. 
■\. Location of the^ trouble includes . evaluiting 
reported discrepancies, folfowed t>y 
troubleshooting. ^ • 

: The tA>uble may b^ corrected by mechanical 
or electrical adijustmei^ts, or it hiay be' necessaa^ 
to replace one or more parts, iv 

Evaluation of Reported Disorepancies 

When a disdrepaxloy is turned in ^ther by 
aew debriefing or 'on a "gripe kheet," the first 
thing to detefmine is whether the system or 
equipment is actually faulty. A mistake, often 
made, is in removing the equipment from the 
V akcraft before ^d^^ 

The senior AE should have a prescribed 
procedure for electricians to follow in checking 
a discrepancy on equipment installed in an 
aircraft. Som^ suggested procedures that will aid 
in evaluating discrepancies are: 

1. Visual inspection. A visual inspection of 
the equipment in the aircraft may disclose 
Grayed ot broken Viring, loose connectirtis 
(electrical and mechanical), or open circuit 
protectqrs, which could cause the malfunction. 

2. Operational check. An operational check 
of th^ system can aid in analyzing the 
discrepancies and pinpointing the trouble to a 

^^particutar unit In some cases, it may disclose 
improper operating procedures-^specially with 
newer type equipment or new personnel. 

3. Performance checks. ITie use. of portable 
: test eqyipment, built*in.metersj and special test 
- * equipment installed irf some types of aircraft 

will aid in making a performance test of the 
system .in the akpriaft Performance testing, 
mentioned in the first p^ of this chapter, 
should be. of great helpvin localizing the 
discrepancy to a particular unit which can' be 
lemoved from the aircraft for repair,, or in sbme 
cases, repaired in the aircraft. < 



V . ' Quality assuralfcft^^ inspections. Highly 
qUaliified ^hior eledQ^dlins should be provided' 
to . conduct thotpu^ inspections ; K).n all 
ei^uipment prior to installation in the aircraft. 
-This ^ua^ty control iiispectio^ should< be a^ 
cpmUination of the' visu^ .inspection, 
pp^ra^bnal check, and performance check. This 
in^edtioh Will ascertain that eacli equipment is 
in proper operatim order and completely 
missiph ready. • ; :N 

Troubleshooting }' 

Corrective maintenance is, for the niost4>Vti 
concerned with troubleshooting;' which ^ be 
further divided into, two phases. The phase ' 
is system troubleshootiiig. Jt ^is basea on the 
starting procedure, and is designed to locate the 
unit in which the trouble exists. . > 

The^ second phase is "unit trbubteishooting, 
and is designed to locate the trouble ih t^ unit . 
in wh|ch'it. occurs. In rare cases it is possible to 
delfermine which- unit is at fault 'without ^ 
following the system trottt^leshootipg^method to 
isolate the unit. However, most ^f the time jt^s ' 
impossible to determine which unit is at ^ault 
until the systeiil piethod has been employed'in 
whole or in part. ^ 

TROUBLE IS0LATl6N.-When ; abnorin^ 
operation has been traced to a parjUcti^ st^ge or 
to a functionally related grdiip of stages, its 
cause must be further isolated and identified as 
dUe to a particular faulty component or group s ^ 

• of components. To *do this it may. be necessary 
to disassemble the equipment, either in whole or 

* in t>art. After disassembly, the trouble may be 
immediately apparent through a mere visual 
inspection^ whereupon tlift trbulyle should be 
corrected by repair of replacenient 

If the trouble is no%immediately apparent, a 
more detailed procedun^should be followed to 
isolate and repair or repliace the -actual , circuit 
component responsible for tjie failure. This 
procedure consisj^ of yoltage and resistance 
checks, ^f^avefprm^ianaly sis, and finally, repair' or 
" replacement o^ tiie defective component. 

Supdttisory . per^pnel should ensur& that 
detailed ifrouble isolatioh procedures ,are in 
accordance the. applicable current Sei^ce 
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Instruction Manual for the equipment, being 
repaired 

^ VOLTAGE MEASUREMENTS.-Since most 
:/trouble encountered in electrical equipment and 
^/stems either result from° abnormal voltage' or 
produce abnormal Voltages, voltage 
iQ^surements are. considered an indispensable 
\iA Ideating trouble. Testing techniques that 
^voltage measurements also have the 
that circuit operation is ^ nbt 
iiptern^jpt^^^^l^ voltage n)easurehient 

diarts \s^4h>{^! contain the . normal .operating 
voltages enoouiYfered in the vapiou stage's of the' 
equipment are Wilable to the electrician; These 
voltages are usually ^ measured between the 
indicated points and ground un^^ss othepyise 
stated. ' V, ' 

Whei^ vdltage measuiements/are taken, it is , 
considered good practice to set ihe voltmeter on 
this highest range initially so that any excessive 
VQltage ip a circuit will not damage the meter. 
To obtain increased accuracy, the voltmeter may 
then be set to the designated range for the 
properxomparison with the representativ6 value 
given in the voltage charts. 

If the internal resistance of the voltmeter, and 
multiplier is approximately comparable in value 
to the resistance of the circuit under test, the 
meter will indicate a considerably lower voltage 
than the actual voltage present when the meter 
is rentoved from the circuit^T^he sensivivity ( in 
ohms-per-volt) of the voltmeter used to prepare 
the voltage cljart is always given on the charts. 
Therefore, if a meter of a similar sensitivity is 
available, it should be used so* that the effects of 
loading will not hay^ to be considered. V 

When checking voltages, it is important to 
remember that a voltage reading can be obtained 
across a resistance, even if the resistance is open. 
The resistance of the meter and the multipliers 
forins a circuit resistance when the meter probes 
are placed across the open resistance: Thus, the 
voltage across the component may appear to be 
normal when the meter is connected, and 
abnormal when it is disconnected. If the voltages 
appear normal on a suspet ted faulty stage; the 
next step would be to perform a resistance 
check of that stage. 

NOTE: Certain precautions are presented in 
Basic Electricity, NAVPERS 10086 (Series), as 



general safety measures pertinent to the 
measurement of voltages. Supervisors ^ould 
ascertain that these precautions are adhered to 
by "Ul personnel who are responsible for the 
maintenance of electrical/instrument equipment 



; R E^S T S T A N C E M E A R E> 
'MENTS,— Defective, components can yaitiily be 
quickly . located by measujpcpertt of 
^ the dc resistance between various pomts in the 
I circuit and a reference point or points (usually 
'ground). This is true Jbecaiise a fault will 
generally produce a change in resistance values. 
. JPoint-to-point resistance 'charts can be^ used 
advantageously at ithis time. The values given, 
unless otherwise stated, ^ measured between 
the indicated points and ^ound. . 

. Before making resistance measurements, the 
* electricia^i should make sure thaf the powef to 
the equipment under test has been turned oft. 
Since an ^^hmmeter is essentially a 1ow*range 
voltmeter and a battery,, an ohmmeter 
connected to a circuit which already has voltages^ 
in it may be, seriously harmed. The pointer may * 
be deflected off-scale, ancl the meter movement 
may be permanently damaged. ^ 

Filter capacitors miist be discharged before 
making resistance measurements. This ' is 
extremely important when testing power 
supplies that are disconnected from their loads. 
If a capacitor discharges through the meter, the 
surge may bum .out the meter movement.* 
Furthermore, cont^t with a circuit containing a 
charged capacitor may endanger the life of the 
person making the test. 

WAVEFORM COMPARISON. -The 
measurement and comparison of waveforms are 

' considered to be very important parts of the 
circuit analysis used in troubleshooting. In some 
circuits (for example, pulse circuits), waveform 
analysis is indispensable. Waveforms may be 
observed at test, points shown in the waveform 
charts which are part of the maintenance 
literature for the equipment. It should be noted 

, that the waveforms given in the ' instruction 
books ai;e often idealized and do not show some 

. of the details which are normally' present when 
the actual waveform is displayed on an ' 
oscilloscope. ' v . 
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• By oofnparfhg the observed wavefoiflp with, 
the refbrence wayefoirn, faults cah be'lQca^zed 
rajpidly. A departiire from^e normal waveform 
indicates a^^ fault that/ is located between ^e.;;; 
point where the^ -waveform is last seen toi^' be 
normal and the iy>uit wlieit^it isl obsen^^^^X 
almormaL ^ * ^ ; 

] \When waveformV associated with -i^ 
multivibrator, such as the gunfiring interlock/ or 
a similar circuit are observed to be a)>nontial, 
replace the associated component before mafidng > 
further tests. ^ 

], Is there is no ' trouble present 
equipment or system^ a waveform observed at a 
point in th^ equipment shoidd closely re^ihble o 
the reference waveform giveii for that test point 
The reference waveforms supplied with 
' maintenance literature are the criteriaof prctper ^ 
equipment performance. However, test 
' equipment characteristics or usage ca^ catise 
distortibn of the ob^rvQd waveform,' even 
thou^ the equipment or system is operating 
normally. Several of the most common causes of 
these conditiohs'are summarized as follows: 

1. The le&ds qf the test oscilloscope may 
not be placed, in the same, manner as those 
preparing the referenqe waveforms, or the lead 
lengths may differ considerably. ^This is 
particularly significant in the case of shielded , 
test leads, where the capacitance per unit length 
is a factor, - V 

2*\ A type V of test oscilloscope Jiavin^ 
different values of ' input- impedance, ;different' 
swee^ durations, or different frequency response 
m^^ li^ve been used. - ^ 

^3. The equipment- operating (and servicing) 
controls may not have settings identical to those 

' usecj when the r^fer^nce wavefonhs were 
prepared; This^jconditibn is normally ^ be 
expected* when seiyicing^ a^ustments are made 
in terms of^ theif effect oi^ the shape and 

' amplitude of an observed waveform. * 

4. The vertical or horizon^ amplitudes of 
the reference and test patterns may not be 
proportipnaL This will produce apparent 
differences between the waveforms when 
actually there is no differenced^ 

. Whether or not a minor " waveform 
discrepancy may be, disregarded depends upon 



the type ot circuit being thced. Yrfinor 
i discr^lflfi^^nQ^^ signifioant unless 

}j the xiatui^ ort»b* dis<preEiwcy mdi(^tes fa 
J ' (q)er^^^ In TOieral, time, 

should not be wasted, in searcfaang for falAts 
v/hen rel4tively mindr diffe¥|nces detected 
::b?tw6en. tl^ refcrenlSb wave|prms and thpstf 
ivl?s66t^d bV t?^ ^ ^ * / \ ;> ^ 



, Mpd^iilar Units ^ 

The demand for small ma^tw^able jorcuitiy 
in navaji aviation hai led* ttf^ew construction^ 
techniques. Miniature and microminiatiire' 
components an4 nK)dular ci^a its now exist. 
^McHlular assemblies of today incorporate several' 
, subminiaturized features \^hich require special 
training, facilities, ^ atid iequipment ' for 
maintenance: • • T ' 

A . weapon system is no jnOT^^ dependable 
than its components, ^i^caus^ of this, NAVAlR 
has provided guidelines for the repai|v^iof 
^aeronautical components to ihiprbve therjj^^ 
effectiveness* of a* weapon system l>y> i?epanitlg 
components ^t the lowest * practical level .of 
r maintenance. This component repair program 
encompasses thbsQ fund^ons ' peiforraed Iby , 
depot, inti^rmediate, and organizational 
"maintenance. . • 1 V 

,i The growing emj^hasis on cpihb|ctne^^^ 
miniatuiization Jias increased to tSe^ point wh^rt 
a sped^alized technique coupled with patience 
and 0e)ctefity is required in maintaining these 
circjiits,'.;-,../ • ^ ''■•^'■/i' ■ 

l^ersonnel are trained through fo^a^ courses 
provided by the^NAMTOs or anl Equivalent 
; contractor course " approved afiid provided by 
NAVAIR. Following initial train^ 
certification as repair technidans J pi£h|^ 
qualifications and i^roficieticy Will be 
periodically to , ensure adherence ^to Established 
standards. ; . , " ^ 

While i,t is true that special' 
techniques are required, it is also 
satisfactory rep^airs can be mad< 
miniaturized circuit by using just aj little c^ 
and common sense. Actually, wim ja* little 
experience, repairs cw be made as fii^ as in 
conventional assemblies, oftiln mote easfly 
^ because of improved accessibility. /• ; 
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In. addition to personnel certification, 
miniature component repair will be 
accomplished bnly by activities which have been 
certified as having the capability. , ^ 

REP A I R O F D E F E C TI V E 
COMPONENT^.-One of the time-consuming 
elements of troubleshooting is the identification 
of spedfic OTrti 

equipi^ent, components are not always eaisy to 
locate; «yen ithe drcuitry. in the chiassis can 
become' confusing since related components aire . 
often positioned jnT^.decentralized ^^^^ of the 
chassis.^ ^ ' - J 

In equipment which includes printed circuit 
boards, identification of circuitry ^^^and 
^components may b^ relatively simple, Tliistype 
of circuit construction allo\ys uniforih 
placement df components and complete 
sectionalization of i:elated circuitry. Just a 
quick, on c6-over glance bf such circuitry is often 
all that, an electrician requires to formulate th^ 
overall layout of the chassis jin his mind and 
quickly fc^is his attention oh the -area of 
particular ooij^r^^ 

Many of fh#*comnJprciSii manufacturers have 
developed methods oi( qUickJ&entification. One 
of the most common ways is to impose a grid 
over a drawing of the bdaa-d^ aifd then furnish a 
table, which lis\s . the partrjocation. AnotRer 
technique is to nuinber pp^ts of interest on the 
schematic, then provide a pictorial^ guide to 
locate th.e points on the board. « 

Circuit tracing of the printed wiring board 
rosy be simpler than that of con>^ntional wiring, 
due to increased unifom^ty. If the wiriM board 
is translucent, a 60-watt light bulbrplace(| 
underneath the side being traced will facilitate 
circuit tracing. Test> points can be located in this 
manner without viewing both sjdes of the ribard. 

. Resistance or continuity measurements of 
coils^ resistors, and some capacitors can be made 
from the component side of the ^oard. In some 
cases, a magnifying glass will help in locating 
very small bfeaks in the wiring. Voltag^ 
measurements can be made on either side of th& 
board However, a needlepoint probe is needed 
to penetrate the protective coating on the 
wiring. Hairline cracks can be located by making 
continuity checks. ^ 



A number of general ' precautions are 
necessary when working with, modular 
assemblies. Supervisory personnel should take 
steps to ensure that the electricians in their shop 
or maintenance cre^ know and understand the 
rules set forth iii the following paragraphs: ' 

' 1. Observe power supply polarities when 
- measuring tiie resistance of circuits of modular 

assemblies containing transistors, or Mother 
^semiconductors, Such parts are polarity and 

voltage sensitive. Reversing the voltage applied 
^ to a transistor or other semiconductor will ruin \ 

it very quicy^. 5' * 

. Since transistors and similar components 
, require, different power, supiply connections, \ 

personnel .who work with these parts must 

always be alert in conilecting Jest equipment. 
^ Jdake sure that the correct polarity and range are 
* observed, ^echeck the work before turning on 

the power— the wroifi^ polarity will^estroy the 

part. " 

2; Avoid .£lpplying ac power operated test 
dquipment or soldering iron; without fifstN 
makii^ certain that "powerline leak*age current is 
not excessiye. Use of an isolation transformer is 
'a gojpd precaution to einploy with all test 
equipment a;id soldering irons operated on ac 
power, unless it has been determined that the 
equipment contains a transfdrmer in its power - 
supply d]^ shows no current leakage. With all t^st 
equipment (whether transformer-operated or 
not), it is good practice to connect a commori 
ground lead first from the ground of the circuit 
to be tested, and then to the test equipijient 
ground. ■ 

3. Avoid using too much heat, as solid-state 
parts and their associated droiitry are extremely 
sensitive to heat Heat sinks/shunts should be 
applied and shiekls inserted to protect adjacent 
parts any time repair or removal of . a part 
requires the use of a soldering iron.. . 

4. Avoid application of too hi^ a signal 
from test equipment. The safest procedure is to 
start with a low output signal setting, and then 
proceed to apply the required signal levels. Be 
sure that the signal ||>plied is pelow the rating 
ghren for the drcyit under test. Helativeiy high ' 
current transients can occur ,when test 
equipment is connected to a circuit* where 
low-impedance paths ekist. 
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5. Avoid moving loose connections,- 
discoiinecting parte, inserting : or removing 
transistors or similar components J and chaiigiiig 
modular units while the equipment power is* cat 
or while the circuit is under Jests Moving a loose 
.connection, or any of the actipps mentioned, 
may - cause an inductive kickbac^. This can hp 
prevented Hy being sure that all parts in the 
drcuit are secure ' before ' starting the teat or 
turning on the equipment ''power. Be sure to 
remove 111 possible capacitance charges* ""from 
pa;rts and test e.quipmient before applying theip 
to a modular assembly/ Wh^n changing modular 
assemblies, be sure the equipment power is off. 



DRAWINGS AND SCHEMATICS V 

The senior AE wiU find- a twofold use.fpr his 
ability to properly inteipjet schematics and 
drawings. The nfeed to interpret 'drawings and 
schematics wiU continue to be a part of 
accomplishing' his maintenance tasks. * In' 
addition, the senior AE wilT, be required to assist 
the less experienced men in interpreting 
scheniatics. (^ften when working with the less 
experienced ' men, the need for simplified 
versions of these schematics ^nd drawings will 
arise. 

INTERPRETATIONS 

Instoiction manuals used ^by, -the AE may 
contain^ diagrams of variou% types; among these 
are schematic diagrams, block diagrams, wiring 
diagrams, interconnecting cable' diagrams, 

, mechanical drawings, and combinations of some 
of these types. These diagrams are normaUy used 
to-jjresent a great deal of information in' a small 
^ace, or to clarify complex and detailed written, 
explanations. The ability to correctly interpret^ 

"tiiese diagrams will, to some extent, determine 
the level of technical knowledge and 
understanding the senior AE cafTachieve. 

Sichematics 

^ Electrical and electronic Schematics will 
comprise a large portion, of the diagrams the 
electrician uses. Symbols are the building, blocks 
of the schematic. The AE should be familiar 



Vwith t^e basic* symbols from past experience. 
> -The inareapig u$e Qf semiconductors has added 
new ssymbois^ and' future developments will 
undoubtedly add .rajofe. A study of new symbols 
: and a ^review^ of ilie 6lder» standard symbols ' 
should be helpful t&itheAE. 
^ A list of standard symbols can be found in 
' the publication IEEE Na^ 315 entitled /^^^ 
' Standard and American 'National Standard 
' GRAPHIC SYMBOLS fpr ELECTRICAL AND 
ELECTRONICS WGRAMS This manual has 
' beeji': adbpted for; mandatpry use- by the 

Department of Defense. / 
' Another basic consideration in schematic 
V- , interpretation is ^ecQgnizing specific type 
circuits. Here again it may be advisable for the 
Ap to review the basic circuits using electron 
tube§, * semiconductors, or the two in 
%' . combination. The basic taralhing manuals {Basic 
Electricity, l^dy?eTS 10086 (Series) j and Basic 
. ' Electronics, NdyVevs 10087 (Series), 2kre ,soui*ces 
of review material for these circuits. 

Drawings ^ 

Indud^d in the drawings used by the AE are 
'block L diagrams, ^signal flow charts, wiring 
diagram^* and mechanical drawings. As with 
' schematics, the* electrician will be familiar with 
spme'of these drawings from past experience. 
The use of block diagrams and signal^flaw ^charts 
to . present the overall picture of ' equipment^ 
function is widespread. Although these do not 
contain vthe details so ^ often needed in 
accomplishing maintenance tasks, they are of 
great value in fulfilling training responsibilities 
and iii providjuig overall continuity when 
• working with p^tial schematics. 

Wiring diagr^s, especially in some current 
aircraft and equipment, have become quite 
complex. With the ^emphasis now placed on 
uitegrated electrbnic systems, a reviewXof wire 
and cable identification markings and symbols 
that show the interconnection of units should be 
useful to most electricians. 

The use of mechanical drawingsl and the 
inclusion df mechanical functions on Electronic 
diagrams is increasing. This is due, in part, to the 
- increased use of domputera and antomatic 
devices* (electronicially conti'oUed and 
mechanically operated). 
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. The elejctridan hiust understand mechanical^ 
^symbols and basic mech^cal principles in "ofdej 
to c<OTectly interpret these drawls. The basic 
training jpourses are ^ source of > useful 
Monnation in this field. ; 

MAKING SIMPLIFIED VERSIONS ^ 

i Making simplified versions of dra\vdngs is not 
as, new to the AE as some may.:think.* Each tii^e 
the instructor draws a ciroUt to explain a point 
jabout ^ large schematic, he iis in fact making a 
simplified version of the schematic. The 
electrician may make simplified* versions o^ 
drawings fpr various reasons: to explain a 
portion of the drawing *whUe woridng with 
someone; in connection with the formal training* 
program; or quite often as a means of better 
understanding a complicatecl drawing himself. 

When malcing a simplifieji version of a 
drawing, use ■ standard symbols, especially in 
drawings used for training. . 

There are many possible ways to simplify a. 
drawing, the AE mu6t determine why the 
diagram needs simplification; this reason may 
indicate ^how to gO about making the simplified 
version. ' • ^ S T" 

While simplification is usually thought of as 
reducing the whole into parts, there are cases 
^^e^a^combi^infe drawings makes them more 
e.asiljT understood. I;i working with 
inexpeaenced ,men, it ^ihay be necessary to . 
redraw V liarcmt to more closely resemble the 
. ba^c .circuit^f this ty pe. 
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As\ie ceiling for aif^B^Jbn gxte^^ 
has heeiiVraised higher ano^^gn many new 
types of biperating and mai^tenan^'^oblems . 
have devel^d. Some of ^Ije various types^^ 
equipment involved are generators, voltage" 
regulators, electric motors, and solenoids. 
Electric brushes on generators, inverters, electric 
motors, and other rotating electrical, machinery 
we^ away very Widly at high altitude (around 
40,000 feet). Thik problem has been elijp^ated 
in hrushless generators which are used in mpst 
modern aircraftl Some of the\other 
equipment-mverters,\notors, etc.-are operated 



withiiJ a pressurized environment which is less 
detriniental to brushes than if operated at actual 

t aircraft altitude. .Further still, special brushes 
-have bgen developed that have longer life at high 
altitude than before^ Thus, upon brush 

. replacement it is necessary that you utilize the 
proper type brush., ; , * 

While most switches will' break a. circuit 
safely at tea level, their cpntacts may bum and 
in some cases, even melt at high altitude. It has. 
been found that double-break contact switches 
somewhat alleviate ,this fault. Since electric and 
electronic systems use special design switcheis for 
high altitude operation, when making a 
replacement it is necessary to u^se the proper 
type. 

, Other items that often fail during hijgh 
altitude flights ajft electrical plugs and 
receptacles. A ^jjflltage breakdown occurs 
between the pins and shell along the surface of 
the insulating riijiterial. The-result is a burned 
plug. This haptlens ^because the breakdown 
voltage is libss at/high altitude. For example, the 
breakdown^v^jage for a 1/4-iitch aii^ap is about 
3.7 times greater at sea level than at 40,000 feet. 

This condition may be overcome by sealing 
the connector With a potting compound. This 
reduces the probability of arc-over between pins 
or between pins and the shell dfsthps^ctric; 
connector since' the dielectric charactCT^Jtips of 
the connector affe^* injproved. This -sealing^ 
compound also pro/ects the connectors froni 
corrosion or contamination . by excludhig 
metallic particles^ moisture, and aircraft ^fluids. 
For information regarding the application of a' 
sealing compound consult the instructions issued 
with the sealing compound. . I ; 

ENVIRONMENTS CONSIDERATIONS 

!^ In ijecen^ years the' effect of environmental^ 
conditions upbn the operation of electronic and 
electrical i^utement^h^ greatly increased the 
maintenanW^FBroblems of the electrician. These 
pecuUar conwtu^ may be grouped under the 
m^or headirigs <M\altitude, temperature, and 
humidity. At t^e extremes of these conditions 
special maintenance, and operating procedures 
are required. Equipments xequired to function at 
these extremes frequently fail due to the effect 
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of decreased afr den^ty, radical temperature, 
changes, and inoisture. 

Continuous damp, warm air causes 
oondensatidn of atmospheric moisture within 
. equipment imless units are hermetically sealed 
or the interiors are heated with relatively 
mbisture*firee air. Moisture forms leakage paths 
and causes corrosion* Hies^ climatic conditions 
promote rapid fungus growth which in itself has 
a corrosive effect on materials "^such as wire^ 
switch contacts^ wd 

Adverse Climatic Conditions 
and Their Effects 

; Humidify is a term describing the amount of, 
water vapor in the air. it is usually expressed as a 
percentage of the total amount of water the air 

; can hold at a given temperature. Thus, 50 
percent means the air contains one-half the total 

* water it can- hold, and AGO percent means it 
contains all it is capable of holding. Air hold 
more water as its temperature increases^ In 
tropical areas the humidity varies between 60^ 
and 100 percent. This high humidity accounts 
fot the condensation of moisture, or sweating on 
various parts of electrical and electronic 
equipments ^en they undeigo temperature 
■ ch^anges. Moisture reduces the insulating 
qualities of insulation ihaterials and results in' 
- arp-overs and shorts between terminals. The 
water vapor also penetrates into the; body of 
insulation, is absorbed, and causes" similar 
effects-^High humidity also causes corrpdon of 
metals. Other sources of moisture which cause 
deterioration include fog, salt spray, and r^in. 

• In general, equipment may * encounter* 
extreme temperatures,' possibly ranging from 
miixus 65*^? to 1 35**?, under various climatic 

; lionditions of high humidity, fog, rain, salt 
/spray, salt air, cold, insects,- fuiigi, and: dust. 

/ High temperature and moisture vapor cause 
rapid corrosion. Fungus and bacterial growths 
produce acids and othei* products which speed 
corrosion, etching df^surfaces, and oxidation. 
This interferes with-^e operation of moving 
parts, screws, etc., and causes dust between 
terminals, capacitor plates, and other parts,' 
^ch produces noise, loss in sensitivity, and 
aroK>vers, 



, V Variations of temperature cause jhdisture to 
be breathed through any small cracks,, pinholes, 
or vents in the equipment. As the teimperature 
rkes, the air inside a piece of equipment expands 
arid it expelled, in part, thr^igh the openings 
and vents. When the temperature falls, the air ^ 
inside the equipment contracts and out^de air is 
admitted through all openings arid vents. Thp ; 
moisture which is breathed ' destroys the 
insulating qualities of dielectrics and corrodes 
metals. , * v ' 

Fuiigus is a form of plant life which /ee^s pit 
materials of vegetable ancl uiimal; origin 
including paper, cotton, etc.,^and'such tiU^ as^ 
dead, insects^ and othei* fungi These may be 

r spread by wirid, dust, dirt, and insects^ sudi as 
ants, flie$, and mites. Growth rtay take piace on^ 
materials other than those of organic origiri if a 
spot of.ddst or other > nutrient, substan is 
present. Fungi thrive in the higih hiipudities and 
temperatures* Fungus growth aiuses decay,- 
accelerates thc> . deteriwatiori of ^ insulating 
materials, and short circuits items such asrebys^ 
jacks, and keys. Fungus growth in aircraft fuel 
tanks, especially, the'ones using jet fuelj'^presents 
sp^edar problems which, left- unattended, can' 
cause much work for the AE In mfuntenance ^ 
of fuel quantity circuits. ^ 

Electronic and electrical package 
compartments cooled by ram air or compressor 
bleed air are subjected to ^he same conditions, 
common to engine and accessory cooUng vents 
and engine frontal areas; While fee decree of 
expc^re is Jess because of a lower volume of air 
passing through the spedkl design features 
incoit>orated to prbvent >yatei' formation in the 
enclosed spaces, this is still a trouble area that 
requires special attention. Circuit breakers, 
contact points, and switches are extremely 
^native to -moisture and corrosive attack and 
^ould ' be inspected for these conditions as 
thoroi^Iy as design permits during routine 
checks. If design features hinder exan^ination of 
these -items while in the installed conditidn, 
a^vintage should be takcfn of component 
rertiovals for other reasons, with ^ cireful 
in spe ction for corrosion required before 
reinstallation. Treatment of corrosion in 
electrical and electronic components should b$ 
performed only byi or under the direction of . 

.personnel familiar with the fiincfTon of the unit 
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involved, as conventional corrosiori treatment 
may 4)e detrimentaT to soijTe units. 

Even though protective paint systems and 
extensive sealing and venting provisions are used 
in* battery compartments, thesa compartments 
continue to W corrosion problem areas. Fumes 
fropi overheated battery electrolyte are difficult 
to contain and will spread to all adjacent 
internal cavities, causing rapid corrosive attack 
on unprotected surfaces. 'If the battery 
installation' includes an<>e;ctemal vent opening on 
the aircraft skin, these areas should also be 
included in the battery compartment irispection 
and maintenance procedure. Fretjuent cteanmg 
and neutralization of acid deposits in accordance 
Witp instructions in the maintenance 
ihstoictions manual will minimize corrosion 
from, this cause. This will continue to be a 
serious problem area until all . battery 
installations are replaced with some type 
emergency backup generator system* ■ \ 

Climatic Deterioration Prevention 



Mojst new e^uipment^ is given a 



climaHc 

deterioration preventio^ treatment Wluch 
provi4es \l reasonable' degree of protection^ 
against fungus growm, moisture, corrosion, salt 
spray, insects, colcJA desert heat, etc. ^the 
treatment involves tiie. use of a lacquer or 
variiish coating material k)plied with a spray gun 
or brush. Detailed,instructions dealing with the 
treatment of corrosipn problems may.be foun4 
in Corrosion Control jpr Aircraft, NA 
Ol-lA-509. 

RADIO NOISE mXERFE^lENC 

■) " ■ . 

Suppression of radio interference is a task of 
first importance to maintenance personnel. The 
prcfbleni has increased ^ proportion to the 
complexity of both the electric system and the 
electronic equipment«vThe aircraft, tM engine, 
the electric system, and the electronic equipment 
are . involved in the problem* Almost\every 
component of the aircraft is a possible souifce of 
ra dio ihter ferenqe, >yhich is the main factoi^in 
preirentjuig the ^[)eration ^f receivers at l^ll 
senatiyity. All pers6imel concerfifed should 
familiar with the problem of radio noise anC 
how to eliminate it. ' ^ ^ v 

. ,.29- 



The overall effect of radio interference, of 
any kind is to impair^oF^eteriorate the 
performance and reliabiUty of radio and ' 
electronic sets or systems. The^ interference may 
act directly by .actual deterioration .of the 
equipment response, or indirectly by \vearing 
down the patien,ce and tolerance of the human* 
operator. Either way, the resijlt is the same, 
since combjt efficiency is^matenally reduced. 

The AE should know tjie following: 

1. What radio interference is. 
^ 2. Where the interference originates. 
.3. <How it gets int/equipment. 
, 4. How to identify it. ' 

5. ' How to suppress it at its sourde. 
• 6. How to segregate its path of entry into a 
' receiver. 

7. How to prevent its entry into a receiver. 

8. Wh^f considerations enter into the 
desi^ of an interfererice-fffee equipment. 

9. « How to position and^install electrical and 
electronic devices to preclude radio noise 
generation. 

This information is presented in detail in the 
publication. Reduction of Radio Interference in 
Aircraft, NavAir 16-1-521. Some of the most 
important of this information is presented 
briefly in the 'followingr^pages. 

Sources of Radio Noise ) 

Sources of radio noise are divided into three 
general groups— atmospheric static, precipitation 
static, and manmade radio noise. , 

ATMOSPHERIC STATIC.-Atmospheric 
static, or "atmospherics/' is a burst of RF 
energy caused by electrical discharges in the 
atmosphere. Although the frequency spectrum 
of atmosphericl static is very wide, only 
frequencies in ^i^d below the high-frequency 
band propagate far em^ugh to be very 
troublesome at long distances from the electrical 
disturbance: Therefore, UHF md VHF receivers 
are seldom troubled by atmospheric static. 
'RedUctipn of such static is obtained by the use 
• pf frequo^y modulation,, directional antennas, 
and' ribise-limited circuits. Frequency 
modulation is not used extensively in aircraft 
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mdBo cc^mum^ because of im bandWidt 
iequircinelnts.\ 



which h/ is* 
trouble. I 



responsible is not causing the 



PRECIPITATION STATIC-Precipitatioh i 
static is causeV by the developmentr of la^e/ 
'^«5tati<j charges on the aircraft when /it 4s fl6> 
thfough snow, rain, ice crystals, or Bust cloudsT 
An aircraft can build up ^ charge of several 
Hundred thousand volts in a few secdnds. The. 
resulting high-voltage gradients at exjfremities 
and sharp points exceed the breakdown^^ength 
of air and cause noisy corona dischaiges. The ' 
* conventional radio antenna, which must stand 
aij^ay from the body of the aircraft t6 be of „ 
effective height, is exposed to high e'lectric 
fields. This means that corona discharges ^cciir 
: first in the antenna sy$tem/die very place th^tis 
most sensitive to noise. Precipitation static i| 
reduced by using a compietely insulated antenna 
system-that is, by using highly insulated wirfe ; 
inst^d of bare wire, and by insulating all 
connections and supports for the antenna wire. 
Precipitation static is reduced also by 
eliminating all sharp* metal projections from the 
aircraft and by installing dischargers, which^ 
quietly discharge accumulated static charges at a \ 
high rate. A discharger consists of ' 
sUver-impregnated cotton wicking encased in a 
flexible plastic tube with an aluminum mounting 
lug. The many fine high-resistance fibers provide 
^ ^multitude of dischaCrge poii:its. The resulting 
discharges are quiet up to vefy high currents. 
For detailed information on precipitation static 
refer to Installation and \ Maintenance 
Instructions Manual, Anti-Precipitation Stcfi^ 
System. N A 16-1-5,18. I \ 

The effect of p\ecipiiation static is a loud 
hissing or frying rtoi^e from the speaker or 
headset of the radio eiiuipment and interference 
(grass) on the picture' tube of visual output 
recejvers^^rAs an AE, yoti should not be too 
concerned with precipitation static since it is 
produced only when the aircraft flying. Also, 
the preventive measures that are taken are the 
7 primary responsibility of other ratings. However, 
the AE should be aware of its characteristics 
because there is the probability that he may be \ 
asked to correct for radio interference that is 
caused by precipitation static. Unless the 
electrician knows its characteristics, he cannpt' 
determine for certain that" the equipment for 



MANMADE radio NOISE.-The principal 
sources of manmacje radio interference in 
aircraft are rotating electrical machinery, 
switching devices, pulsed electronic equipments, 
transrnitter spurious emission, ignition systems, 
propeller control systems, receiver osciUatcSrs, 
•jionlinear element^, Vc powerlines, and voltage 
regulators- The AE is not concerned with all 
these >ourep^^ which he should be 

fsteffiarare^>i7e^ „ 

/ r 1; kdtatm electric machines are a in^'or 
36urce of radio interferemc^. The types of 
^^^vl^ voltages generated by dc machines 

a. Switching transients as the brush 
moves from pnje cominutator bar to another.- 
Iliis is usually called commutation interference. 

by. Random transients caused by varying 
contact l?et\veen brush and cpiiimutator. This is 
. usually dalled sliding cpntact ihterfere^ 

^ c. AudioiFrequency hum (cqmmutator 
ripple). ^ . ■ p ■ ' \ ' , 

\ d. Radiofreqv^ncy ;an Std^tic charges" 

Inbuilt up ph the shaf and rotor assembly, . . 
V\ Direct-current jnotors used in ' aircraft 
systems are of three general types— series wound^ 
4*H"t wound, and pefmanerit magnet field. The 
fi^\ win dings of both series- and shjuht-wound 

j^-'Tfiotors afford some Vp^dding" or filter action 
against transient voltages ;^herat^d by • the 
brushes. The permahent-magilet motor's lack of 
such inherent filtering makes it a very commoh, 

\ source of interference. It must ^be emphasized 
that the size of a dc motor hjjts little bearmg 
upon its interference generating 'chai^ctem^ 
The smallest^ motor aboard may well-be the 
worst offender. _ 

The output of an ideal ac generator is a'pure 
sine wave. A pure sine-wave voltage is incapably , 
of producing interference except at it5 basic 
frequency. However, the ideal waveform is 
difficult to .produce^ especially in small 
machines. Practically all types of ^c pow^t. 
generators currently Used in naval aircraft havre 
been proven to be potenti^ sources oif 
interference at other than the output power 



ERLC 



275 

29^8 



AVIATION ELECTRICIAN'S MATE I fi C 



firec[uencies. This interference may be produced' 
;byiharmonics of the power frequency, caused by 
poor waveform; by commutation interference 
(series-vJound* motors); and by sliding contact 
/ intbrfere^ices (alternators and series-wound . 
motors). It should be noted that ac motors that 
do not use'^brushes are almost never sources of 
interference'. ^ " 

2, Switching devices make abrupt .changes 
in electric circuits. Such changes ,are 
acconipanied by ^^pn^e^its capable of interfering 
with the operation of radio and electronic 
systems. Thp^. simple occasionally, operated 
manual switch is of little consequence as a 
, source of interference. Examples of frequently 
^operated switching devices capable oi 
* appreciable or seripu? interference are relays, 
vibrators, and thyratrons. * . 

Since relays are used almost exclusively to 
\ control large amounts of power with relatively 
small annouhts of power, they I are always 
potential interference sources. Tlus is especially 
strue when ihey are used to control inductive 
rcuits. Relay actuiating circuits should not be 
M^looked as interference sources, because even 
thouch the actuating currents are small, the 
inductances of the actuating coils are usually 
quite nigh. It is not unusual for the control 
. circuit oK a relay to produce more interference 
than the controlled circuit. , 

Thyratrofi^^s are gas^illed, girid-controlled, 
filectrpnic switching tubes .which are used for 
many purpose s.\AmOrig the most common' uses 
, are keyer tubes iiKradar modulators, rectifiers in 
regulated power . supplies, , rectifiers in 
servosystems, and Nfelay applications. The 
. current in a thyratron is either 'aU^ or all 
OFF; there is no ^ ih-b^ween. Since W time 
: required to turn ia thyratr^n ON is only^a few 
jnicroseconds, current waveforms m thyratron 
circuits are* always steep fr^ted; As a result^, 
th^y are rich in radio interference^ > ^ 

• , 3. Ignition systems for internal combustion 
• engines : produce pulses of energy capable of 
interfering with radio reception at , kll 
frequencies ijl. Current use. The physical layout 
of; the ignitiph^s distribution s'ysfeiti is such as to 
off^jf . a very, favor^^^ radiation system, ^^le 
, lengths of wire between the distri^ 

plufgs become very effective ' antennW "at 
mveiengths* shorter /than about t^n times the 



length of the lead. Further, the * .radial 
arrangement of the wires assures polarization in 
all planes. 

/ Unless effective pteventive taction is taken^-* 
igjjition systems are highly potent sourceia 6f 
radio interference capable df complete 
destruction of radio reception within Jheir 
effective fiedds. Fortunately, the problem of 
ignition interfererifce is»a very old Ime With a* 
long ftistpry of development, effprt, and . 
improvement. Cyrrfent aircraft eligine ignition* 
systems are- completely enclosed in metallic 
shielding harnesses. These shielding harnesses are 
so effective (when pf jDperly maintained) that the 
ignition interference problem has beea^re^du(»a 
to a secondary problem of proper maintenaitpe. . 

4. Propeller systems,, whether hydraulicajOiy 
or electrically operated, are potent generators of 
^radio interference. This interference may' be 
derived from propeller pitch control motors and 
solenoids, governors and associated relays, 
. synchronizers and a^ciated relays, deidiig 
' timers, and relays for power equipment. 

Propeller contryil eqiiipment? generate clicks 
and transients as pften as 10 times'pej second. 
. The audiofrequency envelope of commutator 
interference variea from ' about 20 to 1 ,000 Hz. . 
The propeller deftihg tjAer- generates intense 
impulses at a maj^imwm rate of abo\it 4>per 
minute. 

Values of current in the propeller systems 
are relatively high. The geneikted interference 
voltages ^e^ierefore severe! They are jcap^ble. of 
producing moderate interference m$ filpij^^ 
below 100 kHz and above about^'^t ip^^ 
. with .severe interference at frtqutrnkiil^ 
between these, extremes. 

' 5; A nonlinear element may defined as a 

conductor or semiconductor whpse,resist^nce or. 

impedance varies .with the voltage applied across 
^ it. Nonlinear elements that I'may "cause radio 

int|{rference in aircraft, in the oi"der of their. 

cohimpnness, are overdriven vacuum tubes, 
I oxidized or corroded joints, cold solder joints, 
' ' and unsOijind welcis. In the presence of strong 

signals, i nonlinear ^element beliaves as a 
; detector or mixer,,producing harmonics and suiA 
^and difference frequencies from signals applied 

••• toit;' '/ ' • , 

, 6^ . Alternating-cjurrent power sojirces 
produce radio interference^ of a broadband 
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nature*. In ac powered equipments, ac hum may 
{^pear at. the' power frequency or at the 



rectification ripple 
ripple frequency 
tifhes. the num . 
systems uAHze 
at 400 Hz / :\Full-\^ve 
single-phase, 400-lfa power 




;bikVy. The rectification 
^^j^t pojver frequency 
ik. Normally, aircraft 
^and 3-phase sources 
rectification of 
gives a ripple 



frequency of 800, Hz; a 3-l*phase source yields 
2,4(X) Hz. This ripple gan produce interference 
varying fronf^ annoyance to pomplete 
UHfeliability pf equipmVtt, depending On its 
- severity and its coupling to susceptible elemepts. 
■■ ■ " • ' . ' ^ ■ ' . ' 

7. Carbon-pile and transistorized voltage 
regulators are used in naval aircraft * \ 

The carbon-pile is primarily ^used *^in 
regulation of ^e older ac systems. It controls 
the generator field resistance by magnetically 
vafying the compression of a stack of carbon 
W?ifers, If properly adjusted, no arcing occurs 
and the on Vint^erence voltage generated is^ 
result of thermal agitatwii within the carbon 
01e. It is seldorh s evere, T Mg^pe of regulator is 7 
^ot a serious feujj^^'onntwfo^'^ ^ 

^le ttal^istorized regiflatcH'V is used in 
' modem aircraft This regulator, having no 
moving parts (except the exciter control relay), 
creates virtually ng electrical interference. TTie 
regulator senses the generated output voltage 
and compares it to a refeii?nce voltage. The 
difference is applied to a control amplifier 
spction»of the regulator as an OTorvoltage, This 
error voltage is amplified Q and sent to; the 
V generator fiel((l circuit, causing the • output 
voltage to return to a preset value. ^ 

Manmade radio noise is caused by electrical 
transients which ^iccur duriiig/the bperation of 
electrical or 'electronic- equipment. In brief, 
,manmade radio noise is generated whenever an 
etectric^Ucircuit is opened dr closed abruptiy," 
^such by a relay, conmiutator, or other ' 
make-and-break devices. similar condition * 
exists when large a^nounts of current are ^ 
periodically and abruptly started and stopped,, as 
in radar circuij^ An elecMb spark is a generator 
of electrical distiirSances which appear to cover 
the-entire raiohequency spectru ^ 



Siqipression of Manmade 
Radio Noise ^ 



SuppressioiKQf radio noise has ^dvarfced to 
the poinj vfhere the ^proper application of 
available techniques' ensures , that receiving 
equipment instalM'.in the aircraft operates at 
optimum eff^ncy, The^ suppression or 
elimination of manmade radio noise is based on 
the premise that if- manmade if can be 
man-^corrected. Four types of suppression 
.tediniques are' involved. 

Isolation .—Isolation is the easiest and > 
most practical laethod of <radio • noise 
suppression. Isolation revolves aroimd ^the. 
possibility of separating the source pf radio 
noise from the input circuits of the itdeiving 
equipments affected. As every radib noise soiurce 
can be considered a small transmitter, it is 
obvious • that , the radio ndise source and leads 
carrying radio noise enei:gy should be kept as far 
away from receiver antennas 6t lead-ins as 
possible. In many cases, the radio noise in a ^ 
receiver imy be entiiely eliminated simply by 
moving the' antenna lead-in wire just a few 
iqches away from the source of radio noise. Hie 
value of su|ficieht sei5aration bptween sources of 
radio noise :ax\d receiver iiipiit circuits is not apt 
to be overemphasized, ^he isolatipri method of 
radio noise suppression is yery popular as it has . 
the advantages of not requiring any additional 
material or adding any additional weight 

' ' ■ ' .. . ■ ' ' 

BONDING.— Bonding is arVery nedessary 
means of radio noise 1 control. It provider 
grounding 6f alj insulated, conducting objects to 
the structure of-Aei^rei;^ Wien conducting 
objects are riofi grqunded, flight through 
precipitative vfeather/ conditions causes 
high-voltage charges to bu|[d up on those 
objects. Repeatedly^ the vblt^ge becomes high 
enough to spaxk over '*to^an jjdjacent ground 
member, or the object^- cft^aiges to th^ 
surrounding^ air by cpronavcoriductioii. Either 
mode of diisidiai]^ ..causes considerable radio 
npise. 

Other important functions of bonding are to 
iprotect the JUilorSt ai^^^ persmuiel from lightning ^ 
dischargCLS^^ equalizam)n of pcfentials" 
produced which might cause arcs irid sparks' in * 
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the aircraft structure, to pro\dde a homogeneous 
counterpoise 'for radio transmission and 
reception, to provide power current return 
paths, and to provide a short path for bypassing, 
Ri? noise. All electronic equipments should be 
grounded to the aircraft S&ucture. This may be 
accomplii^ed by using shqrt bond straps or by 
sheets of high cdnductivity (copper or 
aluminum) metal where it is. impossible to use a 
short bond Mrap.s. 



~Xll bonding jumpers rtiust be kept as shorty 
.arid direct as possiblerWhen practicable, these 
jifinpers are not to exceed , 3 inches in length. 
The use Of two or more standard length jumpers 
in series to make up the necessary length is not 
allowed without approval from the proper 
• authority. (Additional infoipation cah be found 
inNAVAIR'Ol-lA-505.) 

SHIELDING.-Shielding is one of the most 
effective methods of suppressing radio noise. 
The primary object in shielding is to electrically 
"bottle up" the radio frequency noise energy. In 
practical applications, this means that the radio 
noise energy must be kept flowing along the 
inner surface of the shield. The use of good 
shielding is particularly effective in situations 
where filters cannot be used, or where the filters 
arc not particularly effective when they are 
used. A good example of this is where radio 
noise energy radiates from a radio noise source 
and the radiated energy is picked up by the 
various circuits that eventually connect to the 
receiver input circuits. Itis obvious that it would 
be impractical to filter a number of leads or 
units* that are influenced by the radio noise 
energy; hence, the application of effective 
shielding at the noise source itselC is advisable 
for it eliminates the radiated portion of the 
^ radio noise energy by confining it within the 
shield at its source. 

FILTERING.-Radio interference as 
radiated or conducted from a source may be^f-a- 
single frequency or may cover an extended band 
of frequencies. When bonding, shieldjing, pr 
^ isolation of the source proves ineffective ai^ a 
means of reducing radio interference, it becomes 
necessary to empldy filters to accomplish this 
reduction. A filter is defined as ''a selecthre 
network which transmits freely electric waves 



having frequencies within one or more 
frequency; bands £wd which attenuates, 
substantially electric waves Having other 
frequencies." The size of . a fdt^iaiy , vary 
widely, depending on the voltage. 
requirements its well as the degree of tjnyition 
desired, filters^ are usually incorpMBt in 
equiifhient known to' generate radio 
interference, • but these filters are often ' 
inadequate, and in many c ases it is ne cessar y to 
"ada^extemal filters to these equipmeritSTTtias is 
especially true , if the source of interference is 
coupling interference to paths of entry to a 
receiver other than the powcrline; 

The types of filters used in the redi}cti6;i of 
radio interference vary with the application, but 
each of the general ^ter types may be found to 
be particularly adaptable to some specific 
situation. Most of the « electrical devices 
coimected to powerlines have features required 
for their operation which are conducive to the 
generation of jad^o interference. The 
interference generated by these devices, unless 
properly atte^nuated, is inlpressed upon the 
powerlines and conducted to the receivers. It 
niay also be conductec) into the receivers by 
inductive coupling to other wiring associated 
jivith the receivers. This interference, unless 
attenuated by means of inters, is then 
transmitted along these powerlines, entering the 
receivers * at the / powerline input; or this 
interference may He radiated somewhere along 
the powell^ies and enter the recehrer by means 
of the antenna system. ^ 

Filters are of four kinds and are defined as 
follows: 

\ Low-pass filter, which introduces negligible 
attenuation at all frequencies below^^a certain 
frequency, called this cutoff frequency, and 
relatively high attenuation at all higher 
frequencies. ' 

High-pass fjilter, which hitroduces negligible 
- attenuation * at — alt ~ftoqtitoeies--abov<h--ii- 
certain frequency, called t!he cutoff frequency, 
and relathrely high r^ttenuation at all lower, 
frequencies. 

Bandpass fUter/ which hitroduces negligible, 
attenuation at all frequencies witUn the range 
between two frequencies, and relatively hi^ 
attenuation at all other frequencies. 
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Baitd-elimination Tilter, which introduces 
negligible attenuation at all frequencies outside a 
certain range, and relatively high attenuation at 
all frequencies inside that range. (NOTE: For^ 
information that coverj the theory of operation 
di thes» niters refer to ^ Bask. Electronics, 
NAVPERS 100g7^(Sertes)). ; 

The normal characteristics of a filter are 
obtained only when the filter" is properly 
terminated in its characteristic impedance. 



A wave trap is a filter or network especially 
designed to reject certain frequencies, or bands 
or frequencies, rfetworks of this type may be 
installed at the antenna of the transmitter or 
receiver in order to attenuate frequencies 
outside of the assigned frequency range ,of the 
equipment. All sucih networks must have low 
insertion, loss, or attenuation, for the pass 
frequencies. In the design and construction of 
wave traps, the insertion loss is usually below 2 
db. 

There are two 6asic circuit configurations 
for filter networks, the pirsection and the 
T-section. Each may be 'br^en down into half 
sections which have an inverted L-shape and are 
known as L-section filters. If a number of pi- or 
T*sections are connected in series to form a 
filter, the resultant network is called a ladder 
network. Any of the above circuit 
configurations may be used for radio 
interference elimination. 

In general, the tis^ of simple capacitor filters 
is to be preferred over that of the more 
complicated network filters in cases where this 
type of filter provides the required degree of 



radio*^ interference attenuation. In this 
method, the radio noise energy passes through 
. the capacitor to 'ground and then back to its 
source. This short-circuiting effect is due to the 
fact ' that the capacitor offers a very low 
impedance path acros3 the noise source 
terminals. 

' A given capacitor is effective in bypassing 
only a limited '^range of radio interference 
frequencies because of its internal inductance 
and ,tne inductance of the a>nnectmg leads. The 
inductance of 'the capacitor depends upon its 
capacity, the material of which .it is fabricated, 
and the lengtii of the connecting leads. The 
capacitor leads are the major contributors to thi 
inductanpe of capacitors. For these reasons, 
small mica capacitors with short leads are more ^ 
effective' as RF Alters at high frequencies than 
large paper capacitors with normally long leads. 
Electrolytic capacitors should nevct^be used as 
RF filters because of the dan^i^r dielectric 
breakdown. 

The popularity of the capacitor type filter is 
due to the fact that the current used for 
operation oL4Ke radio noise source does mot 
have to pass through the filter. The only energy 
passing through the Alter is the radio noise' 
energy. The most important limiting factor in 
the choice of a capacitor type filter is the ^ 
breakdown voltage rating of the capacitor. It ^ 
must be well above the voltage used to operate 
the source of radio noise to be Altered. For 
example, where a 24-volt source of noise is to be 
bypassed with a capacitor, the! working voltage 
of the capacitor should be at least SO volts. 
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In previous chapters of this manual certain 
maintenance practices, equipment, and systems 
have been discussed. This chapter supplements 
the chapter on ground support equipment in 
Aviation Electrician's Mate 3 & 2. NAVEDTRA 
1Q348 (Series) in discussing test equipment used 
to maintain avionics systems* The chapter in the 
3 & 2 manual covers a good all-around selection 
of aircraft support equipment used both at 
organizational and intermediate levels of 
maintenance.. 

New aircraft just coming into the fleet, such 
as the S-3 and F-14, are designed so that their 
avionics components can be tested by an aircraft 
installed internal computer. A test program may 
be initiated by the electrician from a test panel 
in the cockpit or electronic bay. A complete self 
test of the system will be performed, and 
discrepancies can be identified by indicator 
lights, measuring instruments, or by displays. 
Through the use of troubleshooting charts in the 
Maintenance Instructions Manuals, malfunctions 
can be isolated to a particular component. 

The malfunctioning component is then sent 
1 0 the intermediate maintenance activity 
through the supply system, where it is put on a 
test bench. All new avionics equipment must be 
designed to be compatible with the Versatile 
Avionics Shop Test Equipment (VAST), VAST 
is discussed in Aviation Electrician's Mate 3 &2, 
-NAVEiyrRA--1O3^48-tSertei0; ind wttt no 
discussed in this manual. One important feature 
of VAST, however, is that new programs are 
being written so that versatility is expanded to 
include new equipment plus components and 
systems from older aircraft. Thus, a m^ority of 
the older types of test equipment designed to be^ 
lised for a particular component or system at the ^ 



intermediate level of maintenance are being 
slowly phased out. 



PURPOSES OF TEST EQUIPMENT 

General purpose test sets are those items of 
test equipment used in the performance of a 
specific type of test on a variety of electricial 
equipment. In general, these sets include such 
items as meters, signal generators, oscilloscopes, 
vacuum tube and semiconductor testers, etc.; 
Each of these types is available in a number of 
models; each with its own set of applications 
and limitations. One or mox^ models of each 
basic type are normally available in each 
maintenance shop. The particular models • 
available in a given shop are governed by the 
equipment to be supported. 

Spedal purpose test sets are those items of 
test' equipment used in the performance of a 
variety of tests on a specific type of electrical 
equipment; y 



MEASURING INSTRUMENTS 

The term ^^measuring instruments," as used 
in this discussion, includes only that class of test 
equipment which measures the basic parameters 
of electrical equipment. The basic parameters 
aiir v6itage, mtttfix; ftmtm 

frequency,. 

Severafl of ' the measuring instruments 
commonly used by the Aviation Electrh:ian*8 
Mate are discussed in publications listed in the 
Bibliography for Advancement Study ^ 
, NAVEDTRA 10032 (Series). For instance, such 
basic measuring instruments as voltmeters^ 
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ohmmeten, amnieters; meggers, * wattmeters, 
(toquency meters, and power factor meteii||are 
discussed in Basic Electricity, NAVPBRS 10086 
(Series). Transistor testen, vtube r testers, 
oscilloscopes, and signal generatoifiire discussed 
in Basic Electronics. NAVPERS 10087 (Series), 
Volumes I and II. ^ ■' • ' ■ -^^■\ 

Electronic meters discussed in this chapter ^ 
are the phase angle voltmeter, the differential 
voltmeter, and the digital muItimeter^fA new 



measurement conpept called; . timg^^nain 
Ijeflectometry is also ciscussed in this sec^on. 

PHASE ANGLE VOlJMETER 

The overall accuracy of many e^ronic 
components is determined by measuHnffif phase 
dngles in computing transformers, coifjputing 
ampliflers, and resolver systems. In the pqst, one 
of the most common methods used for 
measiuing phase shift or phase angles between 
signals was observing patterns on an 
oscilloscope. With this method, it was hard to 
determine sma\l angles, and difficult to translate 
vaiipus points into angles and fines of angles. 
The most limiting factor in using oscilloscope 
patterns developed when one of the signals 
contained harmonic distortion or noise. 

In any complex waveform containing a 
fundamental frequency and harmonics, 
measuring phase shifts presents problems. In 
most applications, interest lies in the phase 
relationship of the fundamental frequencies, 
regardless of any harmonics which may be 
present. One of the requirements pf ^ phase 
measuring device is to measure the phase 



difference between two d|sctete frequencies, 
regardless of the phase and -amplitude of other 
components ot the waveform, i 

The basic block diagram of a phase angle 
voltmetet is ^own in figure 10-1. TJiere anr two 
inputs-the signal and the refeitnce. Both 
cluulnels contain niters which p^ss only the 
fundamental frequency. Harmonics are highly - 
attenuated. Each channel has a^ variabjie 
amplitude contrQl and attnplifiers to increase the 
variety of signals that clan be checked. ^ * 

A calibrated phase^shift^r is inserted into the 
reference chattel; that channel signal, can \ft ' 
phase sUftedsJo correspond to the other' 
channel. Thi^ is4fet^ed in the phase detector 
and observed on the meterJ" 
I The caUbgitra ^iiiase shifter Is made up df li 
switch (wHote'iK>«t%^\coitespq the 0\ 
90% 180% jmd '^^TQ?, ^hiase'/ 
I>otentiometer (whose dial Is calibrated froip 0^ ^ 
to 90"*). The,tptdpluuic\shift ii lij^de lipof the 
sum of the tWo rd^dings. I 

The phase .i^lftebtor !is * a / bdiahoed ^,(l^>de , 
bridge type'^^dein^^kria^or. Its : putpi^t V 
proportional to the^ingHl amp]|itude tim^S the^^ 
cosine of the angle of p)uiise difference); between . 
the signal input and the r^feience input^^ \^ ; ' ; 

If the reference input ^s phase shif^ ilihtil it 
is in ph^ or 180^ out of phase with tl)0<^gnal 
input, the output from the phase detedpf^^ 
proportional to the signal 4nput amplititflQXtnl' ' 
cosine of the angle is unity). If the^ reference 
input is ptutse shifted until it is 90^ out of phase 
with the si^al input, the phase detector output 
is zero (the cosine of the angle is zero). ^ 

The point at which the two signals are in 
phase or 180^ out of phase is the point of 
maximum deflection on the meter. The 
difference between the in-phase and the 180° 
out-of-phase points is in the direction in which 
the needle s^dngs-not the distance it swings^ As 
the point of maximum deflection is approached, 
the rate of change of the meter reading decreases 
because the cosine has a small rate of change 
near 0°. This makes it difficult to read the exact 
point of inaximuni deflection. / 

Because the^sine has a maximum rstte of - 
change as it atipoaches 90° (find thus gives a 
better indication on the^ meter), most 
commercial voltmeters are set to determine the 
point at which the signals are 90^ out of 
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* phase-"quadrature/' When the voltmeter i$ s^t 

- for this point, there must be some way of 
converting the phase sliifter reading so that it 

. shows the connect amount of phase shift rather 
than 90° more or less than the actual amount. 

- Some confusion exijts^/ih: this area because 
liiifferent manuf^pAirei^ different methods 

•;of dcterminingVthie signal quadrant. 
N^in^facturers alsal^iffer oii Vhet^^ the final 

• \ means the Electrician miiS^bc familiar with as 

many phase ^ngle voltmeters as the 

• N^vy Jiqs 'jh the field. He cannot assume that the 
method hij uses to determine phase angle on one 
tyi*a oft meter can be used on another; nor can 
he assume that, because one meter gives him a 

^ fading angle between signal and reference 
waveforms, another manufacturer's meter also 
"gives leading phase 'shift. 

DIFFERENTIAL VOLTMETER 

The differential .voltmeter is a reHable 
precision item of tost equipment. Its General 
function is to compare an unknown voltage with 
an internal reference voltage, and to ii;>aicate the 
difference in theiA values. The /differential 
voltmeter in most n common use in Navy 
applications is the 803D/AD (fig. 10-2), 
manufactured by the John Fluke Co. The 
remaining portion of this discussion is based on 
ithat instrument. 

The 803D/AD can be used as an electronic 
^ voltmeter, as a precision potentiometer, and as a 
megohmmeter. It can also be used to measure 
the excursions of a voltage about a reference 
value. Ease of operation, inherent protection 
from any accidental overload, and high 
reliability of readings are additional advantages 
of the instrument. It ^is accurate enough for 
precision work in calibration laboratories, yet 
rugged enough for general shop use. 

The heart of the unit is a precision 500-volt 
dc reference P9wer supply. This 500 volts can be 
precisely divided into increments as small as 10 
microvolts by means of 5 voltage dials. 
Unknown ac or dc voltages are matched against 
the precise internal voltage until no deflection 
occurs on the panel m6ter. The unknown voltage 
is then simply read from the voltage dials. In the 
highest null sensitivity range, a potential 



/♦v difference between unknown aiid reference 
voltage as small as 0.01 volt causes full Scale - 
meter deflection. * 

At riull, the differential voltmeter presents, 
an "infinite" input impedance to the voltage 
- under measurement, almost completely 
eliminatihg circuit loading. 



difi^ei^Xi^^^^^^^ shown in figure 10-3/ 
}.cix|i^t divisions are as follows: 



KjOrvq^lt dc reference power supply. 



2. ' ^Ci^on^ohage divider network* 

3. /VTVM. 
Chopper-amplifien 

5. Converter^ arid converter power supply* 

The system j^jSj^try is designed with two 
separate comm^JJWturns. One of ^ese, the 
return for the "^'kM^^fter power supply and 
reference power sUpply', provides a safety factor 
for personnel and a capability for measuring a 
potential difference betwfen two voltages. The 
other, which is Hhe common return of the 
VTVM power supply, is connected to the known 
reference voltage output from the precision 
voltage divider network* This arrangement 
provides a constant dc voltage of +108 volts 
across the differential am;i)lifier regardless of the 
dc potential applied to the|;rid. 

DC Reference Power Supply . 

■ » 

A full wave rectifier with its associated filter 
network supplies a dc voltage of api^roximately 
1 ,000 volts to a conventional electron controlled 
voltage regulator. The regulated output is 
maintained at 500 volts ±0.01 percent. 

In the 500 VDC position, the RANGE 
switijh (S2E) passes this 500 volts directly to the 
precision voltage divider. In the 50 VDC, 5 
VDC, and 0.5 VDC positions, range resistors 
controlled by S2F divide the reference voltage 
t^^'^OT^, and 0.5 volts dc, respectively. In all ac 
^ositiop^^ RANGE switch, only 5 volts of 
ferencfejsupply is used, due to the fact that 
the hiaximu;n output of the ac to dc converter is 
5 volts 
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-S^H^ifferentlal vol^metdr, f uncticxial schematic diagram. 



Prejpision Vdltaga 

Each of the four preffilSpirvoltages available 
from the reference supply must be made 
adjustable through a precision divider string so 
that unknown voltages may be^ nulled or 
matched exactly. The five decade n^tor strings 
(flg. 104) accomplish this function. 

The decade resistors are precision resistors 
connected in series parallel. The 500 vdc 
reference voltage is applied through the rangfe 
switch on the front panel to the highest digit of 
the decade counter In the 5pO vdc range, S4 
establishes the 100*s volt reference, SS the lO's 
volt reference, S6 the units volt reference, S7 
the tenths (J) volt reference, and S8 the 
hundreths (.01) volt reference.. The values are 
reduced by a factor of 10 for each successive 
decade resistor. S4 is labeled '*A'' on the front 
panel (fig. 1 0-2), S5 is "B*\ S6 is "C*, etc. 



Voltage is dropped through the decade 
resistors so that the voltage remaining at the 
output of S8 corresponds to the voltage dialed 
in on the, front pdnelr When the range switch is 
moved to different range positions/lights on the 
front panel illuminate to fix a dedmal point 
between the decades. When the ntnge switch is 
placed in the 500 volt range. 500 vdc . is applied 
to S4 and the decimal point appears between 
decades "C* and "D^ When the 50 volt range is 
selected, 50 volts is applied to S4 and the 
decimal point appears* between decades "B" and 

All resistors of each decade are matched and 
all decades are matched for each instrument, 
providing an overall divider accvmcy of 0.005 
percent. 

With the NULL switch in ^y mill range, th^ 
output of the jntcisibh voltage divider ap^ars 
at the grid of one-half of the VtVM differential 
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Figure 1(^4.— Preciilon voltage divider. 



amplifier. A one two-hundredths ampere (5 
inllliampere) fuse protects this output. 

Vacuum Tube Voltmeter 

When operating in the difTer^ntial mode, 
output voltage from the precision voltage divider 
appears on the grid of V4B, pne-half of the 
differential amplifier. (See fig. 10-5.) The 
unknown voltage appefirs on the grid of V4A, 
the other half of the dift'erential amplifier. Any 
difference between these potentials is indi^pated 
by the meter coupled between the cathodes of 
V4A and V4B, When the output voltage exactly 
matches thj^mknown, the meter reads zero and 




no cunent is drawn from the source being 
measiu^d, because the same potential exists on 
both sides of the input resistances. 

When used as a conventional VTVM, the grid 
of V4B is connected to the 0-volt bus, or 
negative binding post. When the range switdi iii 
the 0.5 VDC position, the unknown voltage 
appears directly on the grid of V4A and the 
meter indicates the approximate value of the 
unknowtn^nput divider resistors maiiftain the 0 
to 0.5 grid voltage range for all instrument 
voltage ranges. The input resistance of the 
instrument in the VTVM position is 10 
megohms. ' 
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Figure 10-5. --Differential amplifier. 



Converter 

All ac measurements are made by first 
converting the ac input to a dc voltage. The 
converter provides a maximum dc output of 5 
volts for a maximum ac input of 5 volts rms. In 
the 5 VAC position, range switch sections of 
S2A and S2B couple the converter amplifier 
input directly to the binding post. In the SO 
VAC and 500 VAC positions, input attentuators 
reduce the unknown ac to provide a maximum 
of 5 Volts ac input to the first converter 
amplifier. 

The overall frequency response of the 
converter is essentially flat from 30 Hz to 10 
kHz. 



DIGITAL MULTIMETER, 



The digital multimeter is- a highly accurate 
and .reliable measuring ^ instrument that is 
generally used at the intermediate or depot 
Revels ^f maintenance^ 'TJie i^^^ is 
iesirable^for use at these levels because it is easy ^ 
tc^ use and:' read. Even though some digital 
mmti^ters are provided with a battery pack for 
ponfl^ cmeration, they are not normally used 
at t^e OTganizational level of thaintenance 
becauae they are so fragile.* 

Thdv Fluke Model 8 JO0A (fig. 10^) is 
representetive of digital multimeters presently 
^used in the fleet. It is a small compact unit 
"^w^ghing oldy 10 pounds, including the optional 
battery pack. It is capi^ble of measuring ac and 
dc voltages to a maximum of 1,000 volts and 
resistance to 10 Meg ohm.^ Standard features of 
the Model 8 ibOA,, include protection against 
ov:ervoltages, \a selectable input filter, 
' autopolarity, pusnbutton function and range'' 
selection, and a fulMbur-digit readout plus a "1** 
in a fifth digit to indicate overranging. The; unit 
will operate from linfe voltages of either 115 or 
230 volts at frequencies from 50 to 500 Hz. An 
optional rechargeable i^ckle-cadmium battery 
pack can power the unit for eight continuous 
hours. Accessories and options besides the 
rechargeable battery pack are a high frequency 
probe, a high voltage probe, and switched ac/dc 
current shimts. 

DC Volts Section • ' 

The dc volts measurement section has four 
range switches tor ±1, ±10, ±100, or ±1,000 volts 
with an accuracy of 0.dl % of the range selected. 
On the 1 volt range, voltages are as low as lOO/iv 
can be measured. A sensing circuit will detect 
the polarity of the voltage on the HI germinal 
and display the polarity to the left of the 
overrun indicator. A maximum of 1,200 volts . 
may be applied to the unit in any range and of 
either positive or negative polarity without 
damage to the meter. When a voltage larger jthan 
the range selected is applied to the unit the 
digits mil indicate U 999 with the decimal point 
positioned according to the range. The input 
resistance is a constant 10 Meg ohm regardless of 
the range selected. An internal filter may be 
switched inline with the input to the unit to 
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Figure 10-6. -Digital multimeter. 



provide a more accurate reading; however, when 
this is done it Will take slightly longer to indicate 
the measured voltage. 

AC Volts Section 

< The parameters of the ac volts section are 
essentially the same as the dc section. It will 
measure values between 100/iv and 1,000 volts, 



but has an overload capability up to 1,700 vofts 
peak value at a frequency between 30 Hz and 20 
kHz. Accuracy can be expected up to 0.05% of 
voltages with a frequency between 50 Hz and 
10 kHz^ and 0.1% accuracy at frequencies 
between 30 Hz to 40 Hz, and 1 0 kHz to 20 kHz. 
The input impedance is one megohm shunted by 
less than 30 pf. , 
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Resistailoe Secti<m 



The resistancef section is capable of 
measuring between 0.1 ohm to 10 Meg ohms 
with an overtange capab^ty of 20% of any 
range. Accuiacy is to within 0,01% of the 
selected rkngQ. The reistance section has an 
internal voltiige sQurce that {Produces variable 
voltages at the input terminals equal to 1 volt at 
full range resistance: i.e., if in the 1 K ohms range 
ypu are measuring a 1,000 ohm resistor, the^ 
input terminals will ^ve ^olt impressed on 
them; if the range is 11^^ ^Rs and a 10,000 
ohno resistor is measureov/ PRininit terminals ' 
will have 1 volt imVess^d*\f oit^ thei lOK 6hms 
range and the resistor is 12,000 ohms, trie input 
terminals will haye 1.2 votte impressed. A 
maximum of 9 folts is impreinjsed when the 
terminals are opeft- The resistance scale also h]^ ' 
an overload pijotection feaiture that protect^e^ 
internal circuits up to 130 vrms in the IK ohms^ 
range and up to 230 vrms in the ii^ges Jj^twieri 
lOK ohms and 1 0 Meg ohms. 
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Time-domj^^ reflectpmetry (TDK) is a 
measurement concept beginning to be widely \ 

^'r used in the analysis of wideband systems. The 
art of determining fhe characteristics of^ i 
electrical lines by observation of reflected^ 
. waveforms is not new. For many , years 
poiver-transmission engineers have located 
discontinuities in power-transmission systems by 
sending out a pulse and monitoring the 
reflections. Discontinuity is defined as any* 
abnormal resistance or impedance that interferes 
with normal signal flow. 

' . TDR is particularly useful in analyzing 
coaxial cables such as those used in fuel or 
oxygen quantity systems. The amplitude of the 
reflected signal corresponds directly to the 
impedance of the discontinuity, and the distance 
to the discontinuity can be determined by 
measuring the time required for the pulse to 
travel down the line to the reflecting impedance 
and back to the monitoring oscilloscope. 

The TDR analysis consists of the insertion of 
a step or pulse of energy into a system and the 
subsequent observation, at the point of 
insertion, of the energy reflected by the system. 
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Several arrangements are possible, but 
following procedure is used vwth the ne^ 
specialized reflectometers. (See fig, 10-7.) A fi^st 
(or incident) step is develojped in the puL 
generator; this step then passes through a TEI 
connector and is sent into the system under test. 
The sampling oscilloscope is also attached to the 
TEE comiector, and the incident step, along 
with' the ; reflected waveform, arc dispkyed on 
the CRT, Analysis of the magnitude, duration, 
and shape of the reflected waveform indicates 
the type of impedance variatidh in the system 
imder test. ' ^ ^ 




Resistive Loads 



If a pure resistive load is placed on the 
output of the reflectometer and a step signal 
applied, a signal whose amplitude is a function 
of the resistance (fig. 10-8) is observed on the 
CRT. If the I line terminated in. its 
characteristic impedanceXZo) as shown in figure 
10-8, there will be no refiected signal and the 
signal observed on the CRT will remain flat; but 
if the impedance JRl) at the termination is 
greater or less \than. 2Soi then reflections 
(standing waVes) will exist. The amplitude of the 
reflected signal is piroportional to the value of 
RL* If I^L is greater than Zo , the reflected si^al 
will be inxphase with the incident signal, aftd 
when applied to the CRT, it will add to the 
incident signal. If Rt is less than Zq, the 
reflection will be J 80 out of phase with the 
incident signal, and ^when applied to the CRT 
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will subtract from the inddent signal. The 
dotted lines in figure 10-8 represent the 
composite signal ^(incident plus the reflected) 
observed on the oscilloscope. The time from the 
start of ths^^f^^to the reflection represents 
twice thf di^tjlii^fto t^e discpntinuity. This is 
the time4t tik^ step to travel down the line 
to the diicdn^im^ and return. 

- It is good practice to separate the system 
undeT test from the TDR, unit's tee connector by 
at least 8 inches of 50-ohm' cable. Such a 
"Reparation moves the reflections away from the 
leading edge of the step, so that 6vershoot and 
Tinging are not superimposed on the observed 
signal. 

Reactive Loads ' . 

The waveform of reactive loads (fig. 10-9) 
depends upon the time constant formed by theL 
loadl and the 50-ohm source. The series RL 
network in (A) of figure 10-9 appears as an open 
the instant the step voltage teaches it because 
the inductor L offers maximum impedance to 
the change In current caused by the step voltage. 
Therefore, the reflected signal is in phase with 
the step voltage and is additive. This explains the 
sharp rise in voltage. Hdwever, as soon as the 
inductor saturates, the only opposition to 



... I 

current is resistor R; and mnce L saturates at a 
nonlinear rate, the voltage^d^6ps at a nonlinear 
rate fjom the peak of the spik ^o the saiq e level 
as the flat portion of the step voltageTAt this 
time the only load seen by the line is the 
50-ohm resistor which is equal to the 
characteristic impedance of the line, and the 
reflections cease until the next - step appears at 
the termination and the cycle repeats itself. » 

The waveshape in figure 10-9 (B) can be 
understood by remembering that L Appears as an 
opert to the fast rising step voltage the instant it 
is felt at the termination; but as the inductor 
saturates, it offers less and less opposition to 
current until it is completely saturated (0 ohm). 
Since the inductor is parallel to R, the 
termination is a short and the reflected wave is 
180** out of phase with the incident wave. Slnc^ 
L saturates at a nonlinear rate, the voltage 
declines at a nonlinear rate. A similar analysis 
can be made of the transmission lines with the 
RC terminations shown in (O and (D) of figure 
10-9. 

The analysis just made of the different types 
of discontinuities explains 'the usefulness of 
TDR. Not only can a discontinuity be 
determined, but through proper analysis you can 
determine whether it is tesistive, inductive/ or 
capacitive, and whether the reactance is in series 
or parallel with the load. 
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TEST SETS 

The purpose of this section is to discuss 
some of the test equipment commonly used in 
th^^flqpt. Hie discussion devoted to each pijgde 
pf test equippient is necessarily brief and is not 
intended to provide complete operatiMal or 
maintenance data. That type of information can 
be found in the Maintenance Instructions 
Manual for the aircraft, or the o'perator*s manual 
for the test equipment. One of the best tools for 
.troubleshooting aircraft systenrii, however, is a 
thorough knowledge of ^he system to be tested. 
Troubleshooting charts may provide solutions 
for several test set mdications^ yet, there are 
always some indications that can be confusing 
unless you are familiar with the operation of the 
system under test and of the purpose and 
circuitry of the test set. v r 

SYNCHRO AUGNMENT J 
SErTS-714/U 

Synchro'" Alignment Set TS-7 1 4AJ (fig. 
WQ) ii a portable test set used to check the 



alignment of synchros or resqlvers. It can be 
used to aUgn any 400 Hz synchro or resolver. In 
- addition to its Wghbr sensitivity, the test se^tjhas 
an additional advantage over other methods ih 
that the test set can also supply excitation 
voltage for the synchro or resolver being aligned. 

The test set basically consists of a bandpa^ 
amplifier Md power supply, a synchro or 
resolver ekcitation supply with outputs from 3 
to 115 volts^rms (1, fig. 10-10) and switching 
circuits. The output voltages from the synchros 
or resolvera are applied to the amplifier, the 
output ofNwhich is fed to a phase sensitive 
detector circuit. The detector*^ Output is ^ 
metered by the microammeter (2). A meter 
switch (3) selects the meter seriiritivity from 300 
volts'full scale to 0,1' volt full scale, plus a 
calibrate and off position.. 

T^e meter has a ZERO center scale and 
indicates 0 w^en the synchro or resolver is" 
a^jtisted to either of its two mills. The synchro 
^or resolver is adjusted to a null position with the * 
function switch (4>in the ZERO position. When ; 
the null is reached, the function switch is 
switched to the POL podtion and Abte is taken 
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/ 1. Excitation switch. 
. ,2. Microammeter. . 



3. Meter sensitivity switch. 

4. Function'switch. 



Figure 1 0-10. --Synchro AlignnientSet TS-714/U front p«nel. 
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6f the meter reading.} Thwi the function swjtf j^^^ 
is returned to ZERO poSi^J>ft-and the synchrrfff 
rotated 180° to its opposite null^ When the 
opposite hull is reached, the function switch^ 
again switched to the POL position and a note 
made of the reading. The cprredt null will be the 
.one indicating 'the lower reading with the^ 
function switch; iij the POL position. When the 
syiichro is adjusted to this, null, it is electrically 
zeroeiSvith the correct polarity. . 

pJr detailed instructions on the use, of the 
TS-714/U, consult Operation and Service 
Instruction Manaul NA 1 1-70-FAG-510. 

VARIABLE iENGINE AiR DUCT RAMP 
CONTROL SYSTEM TESTER AN/PSM-1 9 

This tester is utilized for functional and 
maintenance testing of variable engine air duct 
ramp CQnttol systems. 

The tester (fig. 10-11) is a portable unit and 
consists of a plug-in panel housed in an 
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Figure 1 0-1 1 .-Rairtp control lyitem tacMr. 
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aluminum carrying case. The lid is detachable 
and has provisions for cable and accessory 
storage. Tht lid also contains a schematic 
diagram as well as a switch position table; 

^ The |fest set is designed to be inserted into 
the aircil(t variable inlet duct ramp control 
circuit. It serves as kn aid during installation and 
in the calibration of the system to the ramp 
^ potition. It also sierves as an aid in the calibration 
of the Central Air Data (Computer (CADC) 
output. The test set is designed to be used as an 
aid in troubleshooting the aircraft variable inlet 
duct ramp system. Should a component failure 
occur, the test set can be used to locate the 
defective component. The test set is designed for 
insertion in series with the ramp control system 
amplifier and associated aircraft wiring. 

The tester contains three instruments -a 
ratiometer and two ammeters. The ratiometer is 
used in conjunction with a dial switch to read 
the various outputs from the system under test. 
The ammeters monitor the differential current 
across the actuator servo valves to indicate the 
> unbalanced condition necessary to cause 
actuator ram motion and to read the unbalanced 
current during a null condition of the system 
under test. r 

The rotary selector switch, located at the 
lower center portion of the panel, has seven 
positions including an OFF position. t%e 
function of this switch is to select various 
outputs from the aircraft inlet' duct ramp 
control system so they may be read on- the " 
ratiometer. The positions are as follows: 
■ ' ♦ 

1. The BAT TEST position checks the 
output current from the ratiometer by utilizing 
the self-contained 6-volt battery. 

2. The FB TEST (feedback test) position is 
used to check the feediback potentiometer total 
resistance. 

3. The FB RATIO (feedback ratio) position 
d^ecks the feedback potentiometer ratio for any 
given variable inlet duct ramp position. 

4. the Fm RATIO (F Mach ratio) position 
checks the F (Mach) potentioineter output from 
the aircraft's CADC system. 

5. The Tr RATIO (temperature ratio) 
position is used to check the total temperature 

^. potentiometer output from the aircraft CADC. 



6. The ALTERNATE INPUT SHUNT 
position checks the ramp control amplifier input 
shunt resistors. 

The panel contains eight toggle switches 
which perform the following functions: 

1. The CADC BRIDGE, TEMP F 
MACH— In the aircraft position, allows normal 
operation of the CAIX: bridge for calibration of 
the system. In the simulate position, simulates 
temperature on F (Mach) inputs to the CADC. 

2. SERVO VALVE, FIXED LOAD-In the ' 
aircraft position, allows normal operation of the 
ramp actuator serVo valve for calibratiQgjpf the ^ 
system. In the simulate position, simulates 
seryo-valve load for rbehch testing.,' such as 
presetting of .the system's ain^fierljE^nor to 
installation in the aircraft. 

3. FEEDBACK POT-Inui|the aircraft 
position, allows normal opeitittoii of the 
feedback potentiometer for calib^m of. the 
system, in the simulate posit^on^ simillates 
feedback potentiometer for bencli test purposes; 

4. Thel 15 V400HERTZ.~Used to connect 
115-volt, 400-Hz, single-phase power to the 
system during aircraft checks or calijtmtion. It is 
also used to apply an external soiorce of power 
for bench ' tests or presetting the system 
amplifier. ... 

5. 28 VDC-Is used to ^fciect internal 
battery or external 28'Volt dc when used. 

6. NORMAL ACTR OCT, ACTR TEST^In 
the normal poisition, allows normal operation of 
the servo valve for ramp ^ calibration. In the 
ACTR TEST position, checks actuator operation 
with a simulated CADC input to the servo valve 
to isolate any malfunction of the servo valve or 
actuator. 

7. RATIOMETER, ACTR TEST-In the 
ratiometer position, selects the ratiometer 
readout of the system outputs. It is also used to 
operate the actuator when the NORMAL ACTR 
CKT, switch is in the ACTR TEST ppsition, for 
isolating a malfunction of the actuator or servo 
valve. , 

8. RATlpMETER SENSITIVITY FINE, 
COARSE-In the COARSE position, keeps frpm 
pegging the ratiometer and makes the zero 
adjustment of the ratiometer. In the. FINE 
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: iK)!^n^ it a4justs the ratiometcr to the zero 
ppi^tton for a more acciinte leading. 

Fpj^ dial type switches are also included and 
l^rform tli^^ following functions: 

i; FEEDBACK POT--IS used to simulate 
;the aircraft feedback potentiometer for. bench 
testing of the system's amplifier; 

2. ^ RAtlOMETER ACTR TESt--Used in 
cbi\junction with the ratiometer to rejid the 
aircraft's outputs in resistance ratio or to 
operate the actuators separately to isolate a 
n^alfimction. 

3. tEMP-Used to simulate temperature 
outputs from the CADC bridge for calibration or 
to simulate temperature input signals to the 
amplifier for bench testing or presetting. 

4. F (MACH)--tJsed to simulate F (Mach) 
outputs from the aircraft V CADC bridge for 
calibration, or to simulate F (Mach) input signals 
to the amplifier duriAg bench testmg or 
presetting. 

For more specific testing of any component 
Of the variable inlet duct ramp system, consult 
the applicable Maintenance Instructions Manual. 
For detailed use of the tester, refer, to the 
current Operation and Service Instruction 
AfflmjuANA17-15A-21. 

^SYNCHROPHASER TEST SET 



This test set (fig. 10-12) is designed to test 
propeller synchrpphaser electronic units. The 
test set generates all the pulses (dc and ac) 
required to functionally test the synchrophaser 
electronic unit completely indiependerit of all its 
associated components. 

The test set is completely transistorized. Its 
multicircuit switches are specdally designed for 
simplicity of operation. Each switch position 
im)grams a particular test by connectmg the 
appropriate inputs to the synchrophaser and the 
necessary meter required to verify ^ the 
synchrophaser performance for the particfiar 

test. ^ 
The test set generates a master^ pulse and a, 
slave pulse. The pulse, circuits are designed to 
closely simulate the synchrophaser pulse input 
imder dynamic flight conditions. Different phase 
and speed relationships of the master and slave 
pulses in accordance with synchrophaser test 




20&261 

Figure 10-1Z.^iidiroph8MrtBtt set 

specifications are programed by setting one of 
the selector switches for a particular test. 

The, output of synchrophaser associated 
components is simulated by the test set. It 
provides a simulated tachometer signal and the 
resistance of synchrophaser controb for certaiii 
tests. When programed by the selector switdies, 
these signals facilitate measurement of the 
synchrophaser dynamic respdnse to off^^peed, 
off-phase, speed reset, resynch, and throttle 
anticipation signals. 

Control adjustments are minimized. Only a 
few of the automatically programed t^sts-requiro 
adjustment of either of the feedback gain 
potentiometers. The accuracy of control 
: adijustment is optimized by designing the test set 
drifts such that the few adjustments required 
are null or zero settings on center sc^e zero 
meters. \. 

A high degree of accuracy and repeatatplity 
is a feature of the gain measuring circuits within 
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the tester: Conventional gain circuits require 
application and measurement of incremental 
voltages to the synchrophaser for compari|pn 
with resultant output voltages. The 
, measurement circuit empjioys a galvanometer, 
demodulator, dc power supply, and calibrated 
potentio^iieter in a bridge circuit. When the gain 
test is ;^)rpgramed by setting the appropriate 
selectot switch, the calibrated potentiometer is 
rotated to null the galvanometer; with the 
galvanometer nulled, the potentiometer 
calibration gives a direct . readout of amplifier 
gain. This circuit avoids the inaccuracies of input 
settings and error amplification of incremental 




208.283 

Figure 10-13.— Electrical components ct^ck-out test set 



gain con^arison and the possibility of eitor in 
Tcalculating the gain factor. ^ 

For complete instructions on this tester refer 
to the current Operation and Service Insikiction 
Afanwa/, NW17*.15D-3. f 



ELECTRICAL COMPONENTS 
CHECK-OUT TEST SET 

The electrical components check-out test set 
number 6799150 (fig. 10-13) is used for 
maintenance and 'overhaul testing of T56 
txirboprop engine electrical components. The 
test set includes function switches, function and 
power indicator lights, a dc ammeter, loading 
resistors, test set-engine distribution box 
interconnecting and power cables, and a 
condensed operating chmt. 

The power requirement is 28 volts dc which 
can be obtained from the electrical system on 
the engine, provided' power is applied to the 
aircraft. The test set oan be used to check the 
operation of the following T56 components: 
Power lever switches; 2,200 rpm, 9,000 rpm, 
and 13,000 rpm switches; Fuel manifold 
pressure switch; Ignition exciter; Drip (drain) 
valve solenoid; Ground start solenoid; Secondary 
pump pressure switch; Fuel shutoff actuator; 
Anti-icing air solenoid; Ignition relay; Fuel 
enrichment solenoid;. 2C(% take solenoid; and 
Pump-paralleling valve. 

• Consult the applicable aircraft Maintenance 
Instructions Manual or the Handbook of 
Operation and Service Instructions, NAVAIR 
17-15AC-4, for test procedures and procedures 
to ol)serve in connecting the test set to the 
enginjfc under test. 

TEST EQUIPMENT MAINTENANCE 

Some of the test equipment discussed in this 
chapter require special maintenance techniques. 
These have been mentioned as a part of the 
detailed coverage for the specific equipments to 
which they apply. In the foBowing paragraphs a 
more general discussion of test equipment 
maintenance, applicable to most test 
equipments, is presented. 
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TYPES OF MAINTENANCE 

Maintenance personnel must be prepared to 
repair and adjust certain types of test, equipment 
should they fail in operation. The trouble must 
be located, and after repairs or replacements 
have been made, the equipment must be tested 
and adjusted to conform to the original system 
specifications. Maintenance personnel must 
endeavor to find the cause of equipment failure, 
particularly when the trouble is a recurrent one. 
The recurrence of a fault usuaUy indicates that 
the effect, not the cause, has been remedied. 

As with the other kinds of avionics 
equipment, the two basic types of maintenance 
for test equipment are preventive maintenance 
and corrective maintenance. 

Preventive Maintenance 



Preventive maintenance, as performed at the 
organizational maintenance level is of major 
importance. Preventive maintenance is a 
systematic series of operations that can be 
performed on aU avionics equipment at regular 
intervals. The purpose of this maintenance is to 
eliminate, whenever possible, breakdowns and 
unwarranted interruptions in service. Through 
careful and conscientious efforts it is possible to 
keep this equipment operating at top efficiency 
at all times. By preventing breakdowns, valuable 
time can be saved at various levels of 
maintenance. The importance of this type of 
maintenance cannot be overemphasized. 
Avionics test equipment can be utilized only 
when the equipment is functioning normally and 
at maximum efficiency. It is vitally important 
that electricians maintain this equipment 
properly. 

These instructions have been compiled to 
serve as a guide for a properly organized 
approach to. preventive maintenance. It is 
suggested that the general techniques outlined in 
\ the foUowing paragraphs be utilized whenever 
pbssible. \ 

FEEL.--The feel operation is utilized to 
check rotating machinery and parts tllat either 
radiate 4ieat or normally vibrate. This is a check 
4, for overheating as well as for parts that are not 
working. 
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NOTE: It^ is important that the feel 
operation be performfcd as Soon as possible after 
equipment shutdown. This operation is always 
performed before attempting any other 
maintenance work. 

INSPECTION,-This is the most important 
o p e r ation in the preventive maintenance 
program. An untrained .observer will have a 
tendency to overlook minor troubles. It is 
entirely possible that these troubles may not 
cause equipment failure at the time w^ien they 
are first noticed, but after long hours of 
operation may be the cause of m^jor 
breakdowns. The electrician should make every 
effort to become familiar with the complete 
operating systenji ^and the indications of normal 
fimctioning of the eqxiipment. 

Inspection of the equipment should consist 
of carefxilly observing all parts associated with 
equipment, poticing their color, placement, 
^state*pf cleanliness, etc. ^When performing this 
operation, look carefully for the following 
conditions: ' 



1. Overheating. This is indicated by 
discoloration, blistering, or bulging of the parts. 
Leakage of chemical compoxmds from 
containers such as etectrtJlytic capacitors gives 
warning of future breakdowns. 

2. Placement. Careful observation ias to the 
position of all leads and cables should be made. 
The original position of all parts and 
interconnecting leads is showh pictorially in the 
manual for the equipment.'; ^ 

3. Qeanliness. Carefifl examination of all 
comers and recesses in the equipment for the 
accumulation of dust should be made. All parts, 
electrical connectors, and spidered joints should 
be free of foreign matter. 

4. Tightness. All connections, mechanical 
or electrical, should be checked carefully for 
tightness. 

CLEAN, ADJUST AND TIGHTEN.-These 
operations are considered to be self-explanatory. 
Familiarity with the equipment and the service 
manual will facilitate these Operations. « 

CAPACITORS.-Inspection of the terminals 
of ail capacitors for corrosion, loose 
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connections, cracks, or signs of breakage should 
be made. Capacitor mountings should be 
direfully inspected to discover loose, mounting 
screws, studs, or brackets. Leads niust be 
examined for signs of poor insulation or cracks, 
and for signs of decay. Frayed strands on the 
insulation should be cut away. 

Variable capacitors should be inspected for 
any signs of foreign matter lodged between the 
plates. The operation of the capacitor may be 
checked by rotating the movable plates. 

It is reconimended that the plates of variable- 
capacitors be cleaned with a^C^all brush. In fto 
case should the electrician use an object that 
may vary the spacing between the plates. 

RESISTORS. --AU resistors should be 
checked for signs of blistering, breaking, 
chipping, and discoloration. Carefully inspect 
resistor leads f6r signs of cprrosion, dust, or 
foreign matter. Resistor leads jnay become 
broken at the point of contact with the resistor 
body. Careful examination will reveal this 
trouble. 

Resistors may be cleaned with a soft brush 
or a clean, dry cloth. When foreign matter is 
unusually hard to remove, a suitable authorized 
solvent may be used. Do not attempt to remove 
foreign matter from a resistor body by scraping. 

.Fij 

A, — FUSES.-Inspect all fuses and fuse holders 
for evidence of heat and arcing. Usually, burning 
or overheating wiU take place when the fuse 
does not make tight contact with its holder. 
While fuses are removed, check for signs of 
corrosion, dirt and foreign matter. When 
replacing the fuse in the holder, check for loss of 
tension on replacing the fuse holder cap. Check 
all wire connections to the fuse holder for tight 
mechanical and electrical joint^/ 
• ■ ■ ■ ^ 

SWITCHES. -Inspect/ carefully the 
mechanical and electrical action of each switch. 
ITiis is best accomplished by placing the switch 
in different positions while using your sense of 
touch, sight, and hearing. Note the freedom of 
movement and the amount of switch tension in 
each case. Carefully examine multiple section, 
switches to determine if the contacts are 
touching and clean. Never attempt to pry wafer 
contacts apart. All rotary members sfiould make 



good contact with stationary members on each 
switch. ^ ^ $j ^ ' , 

Carefully clean all rotary switches with a 
small bursh. Authorized cleaning solvents miy 
be used on contact poiiits when ned^ssary. 

POTENTIOMETERSi?^spect all 
potentiometers for cleanlinessi^^i mechanical 
action. Potentiometers are protected with dUst 
covers. Do not remove these coversr When 
evidence indicates that foreign matter exists 
within the potentiometer structure, send the 
equipment to a proper n\aintenance activity for 
replacement of the potentiometer. Exainiine the 
potentiometer structure for loose connectionis 
and mounting nuts. Use a soft brush or a dry 
cloth to remove dust and dirt from around the 
potentiometer. 

TERMINAL BOAIlDS.-Inspect aU terminal 
boards for signs of cracks, dirt, breakage, ^nd 
loose connections. Check the mounting 
hardware for the terminal boards. Tighten the 
mounting hardware securely; when tightening, 
do not exert too much pressure. 

Clean terminal boards with a soft brush. Do 
not disturb elecfaic^ connections unless visual- 
checks show faiMesf^ 

Check conditiqlK of each wire lead attached 
to the terminals in flite terminal boards. Tighten 
mechanical connectors and' good electrical 
contact should result. 

CONNECTORS AND ADAPTERS.^liispect 
the exterior iand interior of each connector and 
adapter. Look for any signs of breakage or 
cracking. Qean each connector and adapter with 
a dry, clean doth. 

CABLES AND CORDS.-Irispect Carefully 
all cords and cables for cracked or deteriorated 
insulation. Frayed or cut insulation around 
connecting and supporting pomts is a common 
type of failure. Exaniine. all insulation for signs 
of oil and grease. 

Qean all dust, dirt, and foreign matter from 
all cables and cor<b. Dujt and dirt conimipnly 
hide defects in cable and cord iiisulation. 

P|JL0T LAMPS.^-Inspect pilot lamp 
assemblies for loose lamps, loose or dirty 
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connectors, and loose mounting nuts. In'vpect 
the pilot lamp for looseness of the . glass 
envelope. Tighten lopse lamps in sockets and 
clean electrical connections to t^e pilot lamp 
socket. 



equipment instructions manuals, 
^ troubleshooting charts are provided for the 
|pcalizati<>ti.of trouble. When charts are supplied 
they shotdd be utilized for the correction of any 
troubled- ' 



TERMINALS. -Inspect terminals 
periodically for cleanliness and tightness. When 
replacing faulty terminal lugs,, use only an exact 
replacement. Clean terminals with a stiff brush; 
when ^rrosion is present, use crocus cloth. 

CABINET AND CHASSIS.-Inspect the 
interior of the cabinet for cleanliness. Check the 
control panel for loose knobs and tighten all 
loose setscrews on control knobs. Wipe all dust, 
dirt, and foreign matter from the exterior and 
interior of the cabinet with a clean, dry cloth. 

GEARS.— Inspect gear teeth on switch drive 
mechanisms for cleanliness and ease of 
operatidn. Qean drive mechanisms with a ^mall 
brush. If dirt accumulation is great, use an 
authorized cleaning solvent. 

7 

Corrective Maintenance 

Corrective maintenance is performed when 
an actual trouble exists on the equipment. After 
the repair has been accomplished, calibration of 
the equipment is necessary. 

The electrician is limited to some extent in 
the corrective maintenance. that he is able to 
perform on test equipments (and still have them 
function accurately and reliably). This is true 
principally because he does, not have the tools- 
and equipment, and sometimes ^e spare parts, 
necessary for this specialized form of 
maintenance. Therefore, the electrician should 
realize the limitations imposed upon the repair 
of certain test equipments, and in no case shoulcl 
he attempt repairs lui^ the applicable Service 
Instruction Manual has-been thoroughly read.^ 
Particular note should be made of possible 
circuit misalignment or need for recaUbration 
resulting from parts replacement. In the 
corrective maintenance section of the test 



REP AIR. -In repairing equipment a, few 
preliminary tests, along with a logical procedure, 
often sejve to locate the sourc^^f trouble 
without the use of extensive test equipnient. In 
many cases the reported symptoms, along with a 
few^ astute observations, will indicate the type 
and probable location of the trouble. Make 
observations carefully, and keep the symptoms 
constantly in mind. 

The use of the senses of smell, sight, hearing, 
and touch often localize the source of trouble 
rajJidly. Note unusual bdors, such as sealing 
compound, which would indicate an overloaded 
transformer; scorched paint, - which could 
indicate an overheated resistor; and burning 
rubber, which might point to defective 
insulation. If any component emits^any unusual 
odor, the trouble might be in that part or in the 
assocaited circuit. Examine for smoking parts or 
si^rking. Notice whether wax impregnated 
cap|iGitors have lost any wax-this is usually 
iiidiQative of a defective capacitor. Depending, 
of course, upon the type of test equipment that 
is^; faulty, hum, scratch noises, and other odd 
sounds should have special meaning for the 
electricians* 

CALIBRATION. -Complete recalibratiori of 
test equipment should not be attempted by the 
electrician. For the most accurate calibration of 
test equipment, precision meters, frequency 
standards, etc., must be used. These precision 
equipments are not usually found in a shop 
where maintenance of aircraft equip&nent is 
perfo.rmed. Accurate calibration of the 
equipment requires the more complete testing 
and calibrating instruments which are available 
at a test equipment repair facility. 

Calibration schedules which^ have been 
circulated to fleet activities should be 
adhered to in order t^iat all test equipment will 
be accurate. % 
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APPENDIX 1 

U^. CUSTOMARY AND METRIC SYSTEM UNITS 
OF MEASUREMENTS 

M^^HESE PREFIXES MAY BE APPLIED 
TO ALL SI UNITS 



MtiHiplffsandSubniiiltipies 








Symbols 


1000 000000000 


= 


10" 


teraagKo) 


T 


lOOOOOpOOO 




lO* 


giga(ji'gd) 


G 


1000000 




10* 


mega (mSg'd) 


w • 


1000 




lO' 


kilo(kTl'6) 


k* 


100 




10* 


hecto (hik'to) 


h 


10 




10 


deka(d6k'd) 


da 


0.1 




lav 


deci(dSs']) 


d 


0.01 




lO* 


centi (sin'tT) 


c* 


0.001 




lO" 


milli (mTrl) 


m* 


0.000001 




lO* 


micro (ml'kro) 




0.000000001 




lO* 


nano(nan'6) 
pico(pe'k6) 


n 


0.000000000001 




10-" 


P 


0.000 000000000001 




lQr» 


femto (fdm'td) 


f 


0.000 000 000 000 000 001 






atto(3t't6) 





^Most commonly ustd 
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COMMON EQUIVALENTS AND GONVERSIONS 



Approximate Common Equivalents 



Convetdons Aocuiate to Furts Per MlUion 



A men 




miiiimeters 






u*o meun 


1 vmrA 






1 mtlA - 




i*o Kuomeven 


X WHUWfc^ IllVil 




ft f( oiiniftFA OAnMnuitAm 








X squaxv jr Wu 






1 acre 




U.4 necwe y 


1 cuinc men 




ID cuMc centime tors 


1 CUDIC lOOv 




u*Uo cuDic meter 


1 cuDtc yam 




u.o cubic meter 






1 iiier J 


1 gallon 




U.]D04 cubic meter 


1 omice ^avapj 




28 grams 


1 pouna (avap^ 




u,4o Jdiogram 


1 nonepo wer 




u.fO Kilowatt 


linfllimeter. 




0.04 inch 


1 meter * ^ 




3.3 feet 


1 meter 




1.1 yards 


1 kilometer 




0.6 mile 


1 square centimeter 




0.16 square inch 


i square m^ter 




11 square fieet 


Isquare meter 




1.2 square yards 


1 hectare t 


€ 


2.5 acres 


1 cuMc centimeter 




0.06 cuUc inch 


IcuUc meter 




35 cubicfeet 


1 cubic meter 




1.3 cubic yards 


llitert 




i quart (Jiq.) 


1 cubic meter 


m 


250 gallons 


Ipoun 




0.035 ounces (avdp) 


IkOogram 




2.2 pounds'(av^p) 


1 kilowatt . 




: 113 horsepower 



Indies X 25.4* = 
feetx0.8P48* 
yardsxO.9144* 
miles X 1.609 344 , , 
squate Inches x 6.4516^ ' 
square feet x, 0«092 903 ^ 
square yards x 0.836 127 
acres X 0.404 686 
cubic Indies 16.387 064 
cubic feet X 0.028 317 
cubic yards X 0<.764 565 
quarts (IqO ^ 0.946 353 
gallons X 0.003 785 
ounces (avdp) x 2^349 523 
pounds (avdp) x 0.453 592 
horsepower X 0.745 7 

mOlimeteis X 0.039 37 
meters x 3.280 84 
meters x 1.09a 613 
kilometers X 0.621 371 
square centimeters x 0.155 
square meters x 10.76391 
square meters x 1.195 99, 
hectares x 2.471054 
cubic centimetei]^ x 0.061 024 
cubft meters x 35.31467 
cubic meters % 1.307 951 
Uters X 1.056 688 
cubic meters X 264.172 
grami X 0.035 274 
idlograms x 2.204 623 
kilowatts X 1.341 02 



- mOlimeters 
meters 

^«;irijj»ter8.' 
Idiometers 
vsquare centimeters 

- -square meters 

- square meters 

- hectares 

- cubic centimeters 

- cubic meters 

- cubic meters 
-liters 

- cubic meters 




- kilog 

- kilowatts 

- inches ' 
r feet 

- yards 

- miles 

- square inches 

- square feet 

- square yards 

- acres 

- cubdc inches 

- cubic feet 

- cubic yards 

- quarts (Iq.) ■■'■^ 
* gallons 

- ounces (avdp) 

- poupds (avdp) 
^horsepower 



fcommon term not used in SI 



* exact 
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drcuit protection, 48^5 2 
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examination subjects^ 13 
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7-9 
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training, 11-12 
AE rating, 2-4 ; 
Aeronautical allowance lists, 21-22 
AFCS— (see Automatic Flight Control System) 
AHRS, 86-121 

Air conditioning and pressurization, 243-254 
Aircraft Control Custodians (ACCs), 30 
Aircraft electrical control and distribution, 42-60 
generator, 42-52 

circuit protection, 48-52 
frequency, 43-44 
volta^i 44-48 
power 4istribution, 52-60 

P?3C power distribution, 54-60 
Aircraft Maintenance Material Readiness List 

Program (AMMRL), 30 
Airiroft parts, 27 
Air data computer systems, 61-ff5 

oiieaiiizational leVel performance tes^^^^ 
80-85 / ^ 

test equipment, 80-83 
■ test procedures, 83-85 



Air data computer systems— Continued 
principles of operation^ 61-80 
components, 61-62 
inputs, 62-64 
^ operation, 64-80 
Air data computer test set, 82 
Air turbine starter, 217 - 
Allowance lists, 21-22 ; 
Amendments, technical directives, 37 ; 
Appendix I, the metric system, 298-299 
Application Data for Material Readiness list 

(ADMRL),30 
Attitude/heading reference bombing computer 

systems, 86-121 • 
Attitude reference bonlibing computer iset 
AN/AJB-7, 86-110 

all-attitude display system, 86^88 
attitude display, 87-88 
azimuth display, 86-o7 
bombing functions and spepial switching, 
105-110 ^ '\ 

description of system tiVin, 109-1 10 
direct bombing run, 1 09 
instantaneoiis and timed dVer-the- 
shoulder bombing runs, 108-109 
loft bombingrun, 105-^108 
description of components, 89-92 
aircraft accelerdmeter, 8^90 
amplifier-power supply, 90 
attitude indicator, 90 
bombing release angle computer, 90 
compass adapter-compensator, 90 
i compass system-controller , 90 

compass transmitter, 91 « 
displacement gyroscope assembly, 91 
flij^t director bombing computer^ 

91;. ■ : ■ - 

interval tuner, 91 
rate gyroscope transmitter/9 1 
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Attitude reference hombin| computer set 
AN/AJB-7T-Continued 

description of components— Continued 
remote attitude indicator, 91-92 
standby attitude indicator, 92 
switching rate gyroscope, 92 

low altitude bombing functions, 88-89 
direct, 89 _ 
instantaneous over-the-shoulder, 89 
loft, 88-89 

timed over-the-shoulder^ 89 
modes of operation, 92-^5 , 

azimuth modes, 92-95 

bombing modes, 95 

pitch and roll attitude mode, 92 
principles of operation, 95-105 

Attitude indicating functions, 100-101 

azimuth system, 101-105 

displacement gyroscope assembly > 
96-100 

Automatic altitude reporting encoders and 

altimeters test set, 82-83 
Aviatfon electrician *s mate rating, 1-14 
^ advancement, 4-12 

advancement opportunities, 13-14 

AE rating, 2-4 

enlisted rating structure, 1-2 ^ 
sources of information, 12-13 
Automatic flight control system, 1 54-206 

functional opei^tion of system components, 
components, 157-183 
: actuators, 158-164 _ 
aircraft control stick, 167-173 
air navigation computer, 175-183 
automatic pilot engaging controller, 
173-175 ' -..^ 
. sensors, 164-167 

^modj^s of operation, 1 54-1 57 

V altitude hold mode, 1 57 — 
' attitude hold mode, 155-157 
command mode, 1 57 * 
mach hold mode,-l 57 
retum-to-level mode, 157 
stability augmentation mode, 155 
. TPQ-lOmode, 157 
theory of operation, 183-206 
AFCS interlock, 206 
flaperon axis signal operation, 1 87-1 93 
rudder axis signal operation, 185*187 y 
stabilizer axis signal operation, 1 96-206 
? TPQrlOmode, 193-196 

\ 



Automatic heading reference system, 86-121 , 

Aviation supply, 1 5-1 8 

Aviation Supply Office (ASO), 16 
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Bibliography for Advancement Study, 7 
Budgets, operating, 17-18 
Built In Test (BIT), 119 
Bulletins and Changes, Technical Directives, 
\ 36-38 



Centripetal correction, 140 

Changes and Bulletins; Technical Directives, 

36-38 ^ 
Checkflight, 265-266 
Circuit protection, 48 
Codes, 27-29 

maintenance, 28-29 

recoverability, 29 

source, 27-28 
Component Control Section (CCS), 23 
.Computer system, air data (See air data 

computer systems) 
CorioHs correction, 1 42 
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Differential voltmeter, 282-286 
Digital multimeter, 286-288 
Directiohal gyroscope, 97 
Drawings and schematics, 271-272 
interpretations, 271-272 

drawings, 271-272 

schematics, 271 
. , making simplifled versions, 272 



Electrical components, checkout test set, i?4 
Electrical control and distribution, aircraft, 42-60 

generator, 42-52 

power distribution, 52-60 



Electrical frequency control, 43 
End item, 30 
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Engine control system, 211-214 
condition iQvers, 21 1-213 
engine coordinators, 213 
power levers, 21 1 
temperature datum controls, *.2 13 
temperature datum switches, 214 
turbine inlet thermocouples, 213-214 
Engine start control system, 217-222 

description of major components, 217-221 
air turbine starter, 217-220 
compressor bleed air valves, 221 
drain valves, 221 
engine fuel pump and filter, 220 
fuel control, 220-221 
fuel control relay, 221 
fuel noz^es, 221 ^ 
ignition exciter, 220 
speed sensitive control, 220 
, starting fuel enrichment^ 221 
temperature datum valve, 221 
engine start cycle operation, 221-222 
Enlisted rating structure, 1^2 
Environmental pressure s^Ulatbr; 81-82 
Environmental systems, power plaht and 
aircraft, 207-254 

aircraft propeUer synchrophasing, 222-234 
automatic temperature control systems, 

211-214 , 
engine performanGe indicating and 
warning systems, 214-2*17 
Equipment cooling system, 248 
Equipment surveys, 31-32 



Fire warning system, 216-217 

Flight control system, automatic, 1 54-206 

functional ope?;ation of system 
components, 157-1^ 

modes of operation, 154-J57 < . 

theory of operation, 1 8>iQ6 

Force/Activity Designator (FAD), 25 
Frequency c?ontrol, 43-44 
Fuel flow indication, 214 
Furictional checkfli^t, 265-266 
Functional operation of system components, 
157-183 • - 

actuators, 158-164 ' 

flaperon actuator, 160 ' / 
flapCTon autopilot actuated, 160-161 
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Functional operation of system components- 
Continued 
actuators— Continued 

rudder actuator, 161-164 
stabilizer actuatot, 1 59-1 60 
aircraft control stick, 167-173 
air navigation computer, 175-183 
automatic pilot engaging controller, 

1734175 - • 

sensors, 164-167 

* accelerometer transmitter, 1 65-1 67 
; rate gyroscope, 164-165 

Fundamentals of in^rual navigation , 12 2- 1 48 . 
alignment, 146-148 
. ^Hgnm^t at sea, 148 . 

fine alipiment Qeveling), 146-147 
gyrocompassing, 147-148 
rough alignment, 146 
. basic principles, 122-129 \ 

fundamentals of integratibn, 1 23-1 26 
two-axis inertial navigation system, 
• 126-129* 
basic system components, 129-146 
accelerometers, 129 
accelerometer output corrections, 
140-145 

deriving velocity and distance, 140 
frame of reference, 1 37-140 
integrators, 129-130 ; 
platform stable element, 130-135 
schuler pendulum, 135-1 37 ^ 
schuler tuned loop, 145-146 

General control, 42-54 

circuit protection, 48-52 - 
ground^fault protection, 48-49 
^ phase sequence protection, 5 1-52 

* underfrequency fault protection, 5 1 
ynderground/overvol^age fault 

protection, 49-51 
frefquency, 43-44 

electrical frequency control, 43*44 
nonelectrical frequency control, 43 
voltage, 44-48 
' \ static regulator, 45-48 ' 
Ground support equipment (GSE), 29-31 
Gyros, 91-97 \ ^ 
directional, 97 
displacement assembly, 96^ 
rate transmitter, 91 



INDEX 



\ I 

Illustrated Parts Breakdown (IPB), 21 
Individual Material Reaidiness List (IMRL), 3p 
InerUal navigation, 122-\53 

fundamentals of inertial navigation, 
122-148 
alignment, 146-148 
basic principles, 1 22-1 29 
basic system components, 129-146 
^types of inertial navigation systems, . 
I48rl53 

^ fundamentals summary, 1 53 

hybrid inertial navigation systems, 

151-153 . ^ 

pure inertial navigation systems, 
148-151 
Inspections, 265-266 
Instruments: / 

attitude, 90 * 

exhaust gas temperature, 207 ^ 

fuel flow, 214 

interturbine temperature, 215 
remote attitude, 91 
RPM,214 

standby attitude, 92 
Interturbine temperatuffe indication, 21 5-21 6 
Interval timer, 91 

.L' . 

Leadership ^d supervision, 11 
M 

Maintenance codes, 28-29 

Maintenance Information Automated Retrieval 

System (MIARS), 33-35 
Maintenance Instructions Manuals (MIMs), 

32-33 , V 
Maintenance procedures, 266-27 1 

corrective maintenance,. 267-27 1^^;^ 

evaliiation of reported discrepancies, 
' 261 - 'J;: . 

^ modular^nits, 269-271 \ 
troubleshooting, 267-2i^ C ^ ^ 
preventive maintenance, 266-267' 
Maintenance techni^Aies, 255-279 ^ 
drawings and schematics, 271-272 ' 
organization of maintenance and repair 
. facilities, 256-26i3 ' 



, Maintenance techniques-Continued 

special maintenance problems, 272-279 
environmental considerations, 
272-274 

radio noise interference, 274-279 
. supervision of repair work, ^63-266- 
Material control functions, 23-24 
Material identiflcation, 18-21 

material identification aids^ 19-21 

Illustrated Parts Breakdown, (IPB), 21 
NAVSUP publication 2002, 20-21 
national stock numbers, 18-1 9 
standardization of item nomenclature, 19 . 
Material requisitioning, 22-27 

niaterial control functions, 23-24 j 
milstrip, 24-25 ; 

Unijfonn Material Movement arid issue 
Priority System (UMMIPS), 24-25 
parts kit, 25-26 

C kit - cure-date component ktts, 26 
' O kit - overhaul kit, 26 

F kit -fleet kit, 26 4 
preexpended bins,' 261^^7 
rotatable pools, 27 . . • 
supply functions, 22-23 , 
^3ieasuring instruments, 280-190 
Metric system, appendix I, 298-299 , ' 
Milstrip, 24-25 

Modes of operation, automatic flight control 
system, 154-157 

altitude" hold mode, 157 . 
■ iftitude hold mode, 155-157 

command mode, 157 

mach hold mode,*" 157 

return-to-leyel mode, 157 

stability augmentation mode, 155 , 

TPQ-10 mode, 157 ' 
Modular units, 269 \ ^ 
Multimeter, digital, 286-288 . » 

■ N; _ ■ , 

National Stock Numbers (NSN), 1 8-1 9 
Navigation, inertial, 122-153 \ 
fundamentals of inertail navigation, i J 

^ . ■ V 122-148 : --^ ■■ 

types of inertialTiavigation systems, t'^^. 
148-153 % 
NAVSUP 2002, 20-21 ' ii^^^^. 

Navy rating examination, 13 ' , ^ 
Negative Torque system (NTS), 240 
^ Nonelectrical frequency control, 43 ^ 
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Occupational standards Manual, 7 » 1^. 
Operating budgets, 17-i 8 . ; r' "''- 

Organization of^aintenanc^a^^ Vr; 
facilities, 25^^63 / ^ 

care of tools and test equipment, 257-258 
safi^ty, 258-261 V 

inspection of work are^, topis and 

equipment, 259-260 
interpretation of safety directives and 
\ .f precautions, 260-261 

organization and administration of 
\ ■ ' safety programs, 260 

shop layout, 256-257 ' 
bench arrangement, i256-257 
purpose of the shop, 256 
■ shop housekeejping, 257 * , ' , 
training program, 261-263 

organizing a shop training program, 
\^ 261-263 - 

types of training, 263 
Crganizatiotup level performance test, 80-85- 



/ 

PAR, 7-9 
Parts, aircraft, 27 
Parts kit, 25-26 

Personnel Advancement Requirement'(PAR), 
7-9 . 

Phase angle voltmeter, 281-282 

Pneumatic test set, 81 

Power distribution, 52-60 r 

bus logic, 54-57 . 

operation, 57-60 

P-3C power distribution, 54^60 

Power plant and aircraft environmental systems, 
207-254 \ 

engine perfbrmance indicating and warning 
; . systems,. 21 4-21 7 

fire warning system, 216-217 
fuel flow in(^ication, 214 
interturbine temperature indication, 

215-216 
RPM indications, 214-215 

Preexpended bins, 26-27 
Pressure simulator,' 84 rS^ 



Piessurization and air conditioning, 243-254 
: c^bm and velit suit temperature co^^ 
* - system, 251^^54 ' 
' ; pabin system, 243-248 

• system controls, 243-245 ' , 

system operation, 245-248 
■ 'ijquipment cooling system 
; ^st em o peration , 248-2 5 1 
Pfpjteli^i^ 
• Couowup sys^^^^ 

low-pitchj^op asisembly, 238 • \ ./ 
' negatives tbrque?i^rt^ 
, ■ NTSINQpMhiih^ 7 , 

' • iritchfccic, 240 ^ / . . / . 

^ - blockout ranges, 24*0 > / 

fuel gove|;nor and propefier ^ 
^ ;te^ syitch, 240 C \ 

, pitchlock reset, 240 • \ 
^ - ' ^ propeller^ 234-238!; ^- \ 
propeller control oper^tion^ 242-243 \^ 
propeller feathering, '24 1 -242 : 
automatic featHenng;^24l ^^^^^ 
nornid feathering, 241 > ' 
unfeathefing on the grbui*di ;24;i^^^ 
Propeller govempr, 2l3': : > . . '^-'r 

PropeUer synchrophasing/222-234 : i . & - 
description of major componertts;^ 1^^^ 
operational modes, 226-234' . • " . 
'■■^fy^ troubleshooting hints, 234 / 
^ ' Publications and supply, 15-41 * 
Pulse* generators, 225 



Radicmoise interference, 39-40, 274-27^ 
Rate training manuals, 10-1 1 ' 
Rating examination, 13 
Recqverability codes, 29 
Rotatable pools, 27 
RPM indications, 214-21 5 
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Safety, 40, 258-261 

SchematicSi.27 1-272 J * / : 
Schuler pel^dulum,>t3'5-137. A. 
Schul^r tuned ld6p» 145-146 / 
Sec^ty of classified publications, 41 , 
Source Maintenance ^d Recoverahinty codes 

(SM&R), 27-29 : 
Sources of information, 12-13 
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S^d*ias servo assembly, 2,25 
l^d^l mairiteiaance problems^ 272-279 
'■' ^ envupnmental cohaderatio 272-274 
" adverse climatic conditions and their 

effects, 273-274 
. , climatic deterioration prevention, 

274 ,v ^ • ^ 
radio noise interference, 274-279 
spwrc^s of radio noise, 274-277 
suppression of manmade radio noise, 
277;279 ^ ^^ 

Supeni^on of repair work, 263-266 
analyzing discrepancies, 264 * 
' assignment of personnel ^j64;r265i 
checking^progress of^or^ 'M^^ * 
J\complete(f jwork, 2^^^ 



functi 
job priority 



nal e|feckfiight, 265-266 
and scheduling, 264 ' 



yply and pubUc^tibns* 15-41 
accoUntii^foi;fpaterial in use, 27-32 

# a^cnift parts, 27 

ground support equipment (GSE), 
29-31 ' * 

^ joint service uniform Source, 
t Maintenance and Recoverability 

(SM&R) ciodes, 27-29 
supply discipline, 31 
surveys of expendable material, 31-32 
aerogatuical all6>yance lists, 21-22 
aviation supply, 15-18 

appropriations, 16-17 
^ .^-^J^rating budgets, 1 7-18* 

Organization and function, 1 5-1 6 
responsibilities of the naval material 
command, 16 ^ . ' . 
material identification, 18-21 

jnaterial identification aids, 1 9-21 
National Stock J^umbers, 18-1;^ , 
standardization of item nomenclature, 

* material requisitioning, 22-27 ' * 
' material control functions, 23-24 

milstrip, 24-25 
parts kit, 25r26 

preexpended bins, 26-27 ' 
rotatable pools, 27 
supply functions, 22-23 
security of classified ppblicationsH^ 
•41. 



&iat^ply and pubHcatioiis-Contihued . 
% use of publi^itions, $2-41 

filing an?!n^t^nancepubUcatic«^ 
40-41 

Maintenance Inlforniation Atttomated 
. ReWeval^stem'^IARSX^ 
* Maintenance Instructibns Manuials 
(MIMs), 32-33 
' miscellaneous pul>li<»ti<mfc 3B4Q 

/ operation and serviceinstruction 
. . manuals, 35-36 
jte(^|c^dju^!ctives (changes and 

Supply^^^spo^^ ^ 
Siirveys of expeh^le material, 31-32 
Synchro alighriient set, 290-291 
Synchrbphaier telst set, 293-294 
Synchrophasing, 222-234 



Technical directives, 3]^38 
Technical libraries, 4041 
Techniques, maintenance, 255-279 
drawings and schematics, 271-272 
maintenance procedures, 266-27 1 
organization of maintenance and repair 
facilities, 256-263 
- special maintenance problems, 272-279 
supervision of repair work, 263-266 ^ 
Test equipment, 80-83, 280-297 
* air data computer test set^. 82 

atWomatic altitude reporting encoders and ^ 

altimeters test set, 82-83 
electrical components checks)Ut test set, 
294 

environmental pressure simulator, 81-82 
measuring instruments, 280-290 
differential Voltmeter, 282-286 
digital multimeter, 28^28& 
phase an^e voltmeter, 281-282 
timeKlomain reflectdmetry; 288-290' 
" pneuraatic4estset, 8j . 

synchro alignment set, 290-291 ^ 
syhnchrophaser test set^ 293-294 ' . . 
transducer simulator, 83* . ^ * 
variable engine airiluct ramp control 
system tester, 291-293 ' , . 
Test equipment maintenarige, 294-297 . 
types <Jf maintenance^' 295-297 

coirective maintenance, 297 . 
. preventive maintenance, 295-25*7 
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Thennocou pies, TIT, 213-214 
Tune-domain reflect ome try, 288-290 
Training, 11-12 
Training program, 261-263 
Transducer simulator, 83 
Troubleshooting, 26^69 
Types of inertial naf^tion systems, 14 
fundamentals symmary, 1 53 
hybrid inertial navigation systenAijl 5 1-1 53 

dbpplerinertial, 151-152 

radio inertial, 151 

steller inertial,- 1 52-1 53 
" pure inertial navigation systems, 1 48- 1 5 1 

analytic inertial navigation system, 
148^149 

geometric inertial navigation system, 

150 . ' 
semianalytic inertial navigation 

system, 149-150 ^ 
strap-down inertial navigation system, 

150-151 
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Uniform Material Movement and Issue Priority 

System (UMMIPS); 24-25 
Use of publications, 32-41 

/ filing and maintenance publications, 40-41 
Maintenance Information Automated 
Retrieval System (MIARS), 33-35 
Maintenance Instructions Manuaft, 32-33 
miscellaneous publications, 38-4d 
Basic Theory and Applicatipn of 
Transistors, NAVWEPS Ot)-80T-86, 
39 

Electronic Circuit Analysis, NAVAIR 

00-80T-79, Vols, I and II, 39 
Electronics Installation and 

Maintenance Book (EIMB), 38-39 
, Navy Safety Precautions for Forces 

Afloat (OPNAVINST 5100.19), 

40 



Use of publications— Continued 

miscellaneous publications— Continued 
Reduction of Radio Interference in 

Aircraft, NAVAIR 16-1-521 , 39-40 
Safety Precautions for Shore 

Operation and Service Instruction 
Manuals, 35-36 
adjustments, 36 

performance specifications, 35-36 
special tools, 36 . 
reporting of enors in manuals, 41 
technical directives (changes and bulletins), 
36-38 . . ' 

dh-ective categories, 37-38 

local action, 38 

obsolescent type directives, 38 



Vacuum tube voltmeter, 285 

Variable exhaust nozzle control system, 207-21 1 

control alternator, 209 

temperature amplifier, 209-21 1 

thermocouple harness, 209 
^Variable ramp tester, 291-293 
Versatile Avionics Shop Test Equipment 

(VASX^280 
Vertical Flight Reference Set AN/ASN-70, 
110-121 

functional description, 111-121 
alarm monitor, 118-119 
built in test circuit, 1 19-120 
erection, 1 14-1 16 
flight angle, 116-118 
geocentric pendulum, 111-113 
power distribution, 1 20-121 
roll and pitch channels, 1 1 6 
spin motor speed control, 113-114 
summary of VFRS operation, 1 21 
system components, 110-111 
Voltage regulation, 44-48 
Voltmeters, 281-286 
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NAVEDTRA 10349-0 



Prepared by the Naval Education and Training Program Development 
Center', Pensacola, Florida 



Your NRCC contains a set: of assign- 
ments and self-scoring answer sheets 
(packaged separately) • The Rate Train-, 
ing Manual, Aviation Electrician's Mate 
1(C, NAVEDTRA 10349-D, is your textbook 
for the NRCC. If an errata sheet comes 
with the NRCC, make all indicated changes 
or corrections. Do not change or correct 
the textbook or assignments in any other 
way. 

BOH TO COMPLETE THIS COURSE SUCCESSFULLY 

Study tlxe textbook pages given at 
the beginning of each assignment before 
trying to answer the items* Pay atten-^ 
tion to tables and illustrations as they 
contain a lot of information. Making . 
your own drawings can help you understand 
the subject matter. Also, read the * 
learning objectives that precede the 
sets of items. The learning objectives 
and items are basfed on the subject matter 
or study material in the textbook. The 
objectives tell you what you should be 
able to do by studying assigned textual 
material and answering the items • 

At this point you should be ready 
to answer the items in the assignment. 
Read each item carefully. Select the 
BB8T ANSWER for each item, consulting 
your textbook when necessary. Be sure 
to select- the BEST ANSWER from the sub- 

i^t matter in the textbook. You may 
iscuss difficult points in the bourse 
with others. However, the answer you 
select must be your own. Use only the 
•elf-sooring answer sheet designated 
for your assignment. Follow the scoring 
directions *given on the answer sheet 
itself Vnd elsewhere in this course. 

Your NRCC wi],l be administered by 
your command or, in the case of small 
commands, by the Naval Education and 
Training Program Development Center. No 
matter who administers your course you 
can complete it successfully by earning 
grades, that average 3.2 or higher. If 
you are on active duty, the average of 
your grades in all assignments must be 



at l^ast 3.2. If you are NOT on active 
duty , the average of ^ your grades in all 
assignments of each creditable unit must 
be at least 3.2. The unit breakdown of 
the course, if any, is shown later under 
Naval Reserve Retirement Credit; 

WHEN YOUR COURSE IS ADMINISTERED BY 
-JiOCAL COMMAND 

As soon as you have finished an 
assignment, submit the completed sei^f- 
scoring answer sheet to the officer 
designated to administer it. He will 
check the accuracy of your scbre and 
discuss with you the items that you do 
not understand. You may wish to record 
your score on the assignment itself 
since the self-scor^-ng answer sheet is 
not returned. « 

If you are completing this NRCC to 
become eligible to take the fleetwi^de 
advancement exeonination, follow a sched- 
ule that will enable you to x:iomplete 
all assignments in time. Your schedule 
should call for the completion of at 
least one assignment per month. , 

Although you complete the course 
successfully, the Naval Education and 
Training Program Development Center will 
not issue you a letter Of satisfactory^ 
completion. Your command will make a 
note in your service record, giving you 
credit for your work. \ 

WHEN, YOUR COURSE IS ADMINISTERED BY THe' 
NAVAL EDUCATION AND TRAINING PROGRAM 
DEVELOPMENT CENTER 

After finishing an assignment, go 
on the the next. Retain each completed ' 
self-scoring answer shlaet until you 
finish all the assignments in a unit ^ 
(or in the course if it is not divided 
into units). Using the envelopes pro- 
vided, mail your self-scored atiswer' 
sheets to the Naval Education and Ttain- 
ing Development Center .where the scores 
will be verified and recorded. Make 
sure all blanks at the top of each 
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answer sheet are filled In. Unless you 
furnish all the Infprniation required, 
it will be impossible to given you credit 
for your work. You may wish to record 
your scores on the asif ignments since the 
self*scoring answer sheets arfe not 
returned. 

TlMtJlftVeil Edueation and. Training 

Program Development Center wMl issue a 
latter of satisfactory completion to 
certify successful completion of the 
course (or a creditable unit of the 
course) . To receive a course-completion 
letter, follow the directions given on 
the course-completion form in the ^e^ck 
of this NftCC. , ^ 



NAVAL RESERVE RETIREMENT CREDIT 

y This course is evaluatetd at 12 
Naval. Reserve retirement points, and 
will be credited upon successful cotaple" 
tion of the course. These points are 
creditable to perspnnel eligible to 
receive them under current directives 
governing retirement of Naval Reserve 
personnel. Naval Reserve retirement 
credit will not be given for this 
course if the student has previously 
received retirement credit for any 
Aviation Electrician's Mate l&C, NRCC 
or ECC. : " 



You may keep the textbook and 
assignments for this course. Return 
them only in the even£ you disenroll 
,from the course or otherwise fail to 
complete the course. Directions for 
returning the textbook and a9signmei;its 
are given oh the book- return form, in the 
back of this NRCC. 

« * h . ■ 

PREPARING FOR YOUR ADVANCEMENT ' 
EXAMINATION 



Your examination for eipM^cement is 
based on the Manual of Navj^^^isted 
Manpower and/ Personnel 'Claraipi 
and Occupational Standards (^^VPERS 
:i8068-D) . The sources o/ questions in 
this exeunination are given in the 
Bibliohsaphy for Advancement Study 
'^AVEDW^ 10052). Since your NRCC and 
textbook' are among the sources listed 
in thia bibliography, be sure' to study 
both in preparing to take your advance- 
ment examinatipn . The standards for 
your rating may have chapged since your 
course and textbook were printed, so 
refer to the latest editions of NAVPERS 
18068-D and NAVEDTRA 10052. 



COURSE OBJECTIVE • 

' The baaic Objective of, ^thid x:ourse 
■^(KTH/mCC package) is to help the 
indi^vidual student meet the professional 
(technical) qualifications for advance- 
ment to Aviation Electrician's Mate « 
1st and Chief. By completing this 
course^ the student will demonstrate his 
rUndSrstanding of course materials by 
corectly answering questions' loathe 
folloW:^ng subject areas : the' advance- 
ment requirements of the Aviation t 
l^lectriciai^'s Mate rating; organization 
^and functions of the Navy supply systemi 
alternating-current ^genefrators and 
generating systems; operating principles 
of air data computer systems; mainte- 
nance of attitude^ refereace systems and 
aircraft compaisQ • systems f fundfunentals 
of ineriiial navigation syste.msi shop 
t>rganii^ation and maintenance techniques; 
and furlotion, purpoefe/ operation, and 
maintenance of test .equipment^: - 



* While working on this no^tresident Career 
course, you may refer freely^*^ the text. You 
Smay seek advice and instructibfi from others on 
problems arising in the course, but the solu- 
tions submitted must be the result of your own 
work and decisions. You are prohibited from 
referritig to or copying the solutions of others, 
or giving completed solutions to anyone else 
^taking the same course.^ 
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Naval nonresident career courses may Include a variety of items^— multiple-chdic'e, true-false, 
matching, etc. The Items are not grouped by type; regardless of type, they are presented in the same 
general sequence as the textbook material upon which they are based. This presentation Is designed 
to preserve continuity of thought, permitting step-by-step development of Ideas, Some courses use 
many types of items, others only a few. The sttident can readily Identify the type of each Item (and 
the action required of him) through inspection of the samples given below. 

^ MULTIPLE-CHOICE ITEMS . 

Each item contains several alternatives, one of which provides the best answer to the item. 
Select the best alternative and erase the appropriate box on the answer sheet. 



The erasure^ Qfs'^? correct answer is in- 
dicated, lirfthl^. way ^bn Ihf^'answer sheet: 



SAMPLE 

s-1. The first person to be appointed Secretary of Defense 
under the National Security Act of 1947 was 
, 1, George Marshall 

2, James Forrestal 

3, Chester Nimltz 

4, WilTiam Halsey 

TRUEr FALSE ITEMS 

Determine if the staterpent is true or false. If any part of the statement is false the state- 
ment is to be considered false, Ehase the appropriate box on the answer sheet as indicated below. 

The erasure of a correct answer is a.lso 
indicated In this way on the answer 
sheet: 





W 















s-2. 



SAMPLE 

Any naval officer Is authorized to correspond 
officially with a bureau of the Navy Department 
without his commanding officer's endorsement. 



s, phrases or sentence! 



MATCHING ITEMS ^_ 

Each set of Items consists of two columns, each listing words, phrases or sentences. The task, 
is to select the Item In column B. which Is the best match for the item in column A that is being 
considered. Specific instructions are given with each set of items. Select the numbers Identifying , 
the answers arti}* erWe the appropriate boxes on the answer sheet. 

SAMPLE . - 

In Items s-3 through s-6, match the name of the shipboard officer in column A by selecting from 
column B the name of the department In which the officer functions. • . 



A. Officers 
s-3. Damage Control Assistant 
s-4. CIC Officer 
s-5. Assistant for Disbursing 
s-6. Communications Officer 



B. Departments 

1. Operations Department 

2. Engineering Department 
'3. Supply Department 



vThe erasure of a correct answer is in- 
dicilted in this way on the answer sheet: 




How Tp Score Your Xirmedlate Knowledge of Result^ (IKOR) Answer Sheets 




Total the number of in- 
correct erasures (those 
V. that show page numbers) 
♦-^for each item and place 
In the blank space^t 
. the end of each item.: 



' Sarti'ple on 
Number of boxes 
erased Incorrectly 



Your score 




4.0 



u ^ Now TOTAL the column(s) of incorrect erasures and find your score in the Table at the 

bottom of EACH answeir; sheet. , 

NOTICE: If, on erasing, a page number appears, review text (starting on that page) and erase again 
until C", 'CC", or "CCC appears. For cour;ses administered by the Center, the maximum 
number of points (or Incorrect erasures) will be deducted from each, item which does NOT have 
C „ CC", .or "CCC'vuricovered (I.e., 3 pts. for four choice Items, 2 pts. for three choice 



Items, and' 1 pt. for T/F Items) 
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Assignment 1 

The AE Rating; Supply and Publications 
Text: Pages 1-32 



k« . ■ 

In this course you will deaonstrate that learning has taken ^place by correctly answering 
training Items. Thiennere physical act of Indicating a choice ^on anl answer sheet la not In Itself 
Important; It Is the mental achievement, In whatever form It day, take, prior to the physical act 
that is Important and toward which nonresident career course learning objectives are directed. 
The selection of the correct dholce for a course training Item Indicates that you have fulfilled, 
at least In part, the stated objectlve(s) . 

The accompllahroent of certain objectives, for example, a physlcsl act such as drafting a 
memo ti'ahnot, readily be determined by means of objective type course Items; however, you caa 
demonstrate .«by means of answers to training Items that you have acquired the requisite knowledge 
to'petforiB ithe physical act. The accomplishment of dertaln other learning objectives,' for 
e;kaiiiple , mental acta of comparing, recognizing, ^evaluating, choosing* selecting, etc., may 
bi-teadliy* demonstrated in a course by indicating the correct answers to training items. 

' The comprehensive objective for this course has «^lready been giv^n. It states the purpose 
of the course in terms of what you will be able to do^as you complete' the course. 

The detailed objectives in each assignment statr irhat you should accomplish as you progress 
through the cpurse. They may appear singly in clusters of closely related objectives, as 
appropriate; they are followed by items which will enable you to indicate your accomplishment. 

All objectives in this course are learning objectives and items are teaching items. They 
poin( .out important things, they assist in learning, and they should enable you to do a better 
job, forfbhe Navy. ; 

:'v\irht» peifr study 'course is only pne part of the total Navy training program; by its v^y 
i^turevlt can'diike you only part of the way to a training goal. Practical experience, scSpls, 
_/a^ltfCted reacfln^^^ and the desire to accomplish are also, necessary to round out a fully meffiing- 

fiii'tt^lii^^ 




V r 

Learning Objective: Recognize titles, 
contents^N^nd use of publications 
pertaining to advancement in the AE 
rating, and point out responsibilities, 
billets, qualifications, and advcui- 
tages connected witif ^advancement , 
Including the purpose of service 
ratings. x 



1-1. The professional qua^lifications for advance- 
ment in the AE rat in^i may have changed 
signif icaiitly in the decent past. To 
ensure up-to-date qualifications, the AE 
preparing for advancement tp AEl or AEC 
should, consult the latest revision of 

1. Military Requirements for Petty . • • 
Officers 1 &*C, NAVPERS 10057 ;/ • ,r . 

2. the Manual of Navy Enlisted Manpower ,. ' ' 
and Personnel Classific.a t ions; and' - i^ 
Occupational Standards, NAVPERSVlflOSS^^: , :^ 

3. List of Training Manuals and Correspon- 
dence Courses, NAVEDTRA 1(K)61 ' 

4. Link, NAVPERS 15980 




Which ratings have been established In 
order that personnel may be properly uti- 
lized within the scope of a general rating 
where specialization Is required? 
1« Service ratings 

2. Special ratings 

3. Emergency ratings 

4. Senior ratings 

The duties of a senior AE are such that In 
addition to being an accomplished military, 
leader he should also be proficient as . 

1, a supervisor and an Instructor only 

2. an Instructor and an Inspector only 

3. an Inspector and a supervisor only 

4, an Inspector » a supervisor, and an 
Instructor 



The best way to develop leadership qualities 
Is through 

1. college level courses 

2. Naval Air Maintenance Training Group 
courses 

3. the Aviation Electrician's Mate Inter- 
mediate /bourse « 
hard v'orlc and practice 



4. 



Noni^esideht; Carter Courses, Rate Training 
Manuals, and Navy-wide advancement examl- 
.ivattons are written st the '- ■ ^ 

K; Naval Training Center, Great Lakes, 
Illinois 

^2^ Naval Education and Training Program 
Development Center » Pensacola, Florida 

3. Naval Air Technical Training Center, 
Memphis, Tennessee 

4. Naval Air Technical Training Center, 
Jacksonville, Florida 

Which of the following personal advantages, 
other than monetary, can be gained from 
advancement In rating? 

1. Greater prestige and higher morale only 

2. Higher morale and a feeling of 
accomplishment only 

3. A feeling of accomplishment and greater 
prestige only 

4. Greater prestige, higher morale, and a 
feeling of accomplishment 

Which of the following requirements miist 
have been met, prior to being advanced to 
AEC?> 

1. Completed ten yesrs total ^listed 
service 

2. Attended Aviation Electrician's Mate 
Intermediate Course, Class C7 

3. Have commanding officer's recommendation 

4. Passed the E-7 military leadership 
examination 



1-8. What significance does the RAW SCORE have 
In determining advancement? 
r. It determines whether the candidate 
passes or falls the advancement 
examination 

2. It establishes the number of points 
to be added to the Final Multiple 
3core 

3. It is computed with the performance 
marks to determine advancement 

4. It is the final determiner for 
advancement 



1-9. 



^Ich of the following scores Is the same 
as the number of points earned on the 
advancement examination? 

1. Raw score 

2. Standard score 

3. Final multlple,'*acQre ' 

4. Performance score 



1-10. What determlnaft the final selection of 
E8 and £9 candidates for advancement? 

1. Their. final multiple ^scores 

2. fhelr raw scores 

3. Their standard scores 

4. Selection boards 

1-11. The publication whj^ih delineates the 

requirements fop^^vancement in rating of 
^ naval xI>€rsoim^ by fixing the m?.nlmum 
,tequ;lrem«{nts Is the 
f ) r t. .^val Aeronautic Publications Index, 

• ■:\^;NAyXiR:qo^50o^:: ^v vv^ -v.. 

' r ' .'Z ' . Bib i log r aphy £pt Ad vancfemen t 5 1 udy , 
' : NAVEb^R^' l(k]|52 . {Ser<^ 

\^ 3;. : I Man il^l o f ' ^kyy , E nl 1 s t ed Manp owe r and 
V ^ •Pfirsonner iS^^ and Occupa- 

': '; ^'clpn&l "Standards, NAVFERS 18068 
(S^eVliBia) 

4r, List;' of Training Manuals and Corres- 
^ ■ pohdence courses, NAVEDTRA 10061 

(Series) 

1-12. Which of the following stat^ements regard- 
ing -the Manual of Navy .Enlisted Manpower 
and Personnel Classifications and 0ccupa<* 
tlohftl Standards is correct? 
V , '1 AVi^"^ is Issued annually by the Bureau 
» .;.,/; of . Naval Personnel 

; ' .2, .* It (Covers only the professional 
. requirements for advancement 

- .3..:- It lists occupational standards for 
general ratings but not for service 
ratings 

It covers both military and profes- 
sional requirements for advancement, 
in all rates and Ratings 
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1-13* Why should a man ptepari^i/or &2r^ai|,ce; 
mant to AEC carefully examine the iffit 
saction of the Occupational Standards 
Manual rather than occupational standarda 
listed elsewhere? 

1. Because the material from other 
sources might list only the examina- 
tion subjects > while the Occupational 
Standards Manual lists both the 

^ examination subjects and the 
military requir«m(Bnta 

2. Because the material from other 
sources will probably show what a 
man is expected to learn if he wants 
to pass the rating exam^ but the 
Occupational Standards Manual also 
shows what he should already know 

3. Because any x?e vision to the occupa- 
tional standards in the AE rating ^ 
will be found in the Occupational 
Standards Manual and might not be 
included in other sources 

4. ' Because the Occupational Standards 
^JManual is more available than other 
^ sources 

For advancement* which occupational 
standards is an AE required to know? 
. 1. Those specified for the rate to which 

■ y he is seeking advancement 

.I'f 2. Those specified for the rate to which 
he is seeking advancement, and all 
standards for lower grades 

3. Those specified for the rate to which 
he is seeking advancement, and all 
standards for higher grades 

4. All occupational standards 

,,1-15; The peraonnel Advancement Requirement 

(PAR) Program is a program which replaces 

1« ^training manuals and correspondence 
courses 

2. the Bibliography for Advancement 
Study 

3. occupational atandards 

4^ the Record of Practical Factors 

1-16. Each rating Personnel Advancement Require- 
ment (PAR) lists the requirements for 
, advancement to paygrades 

1* E1-E9 

2. E8 and E9 only 

3. E3-B7 only 
E4-E7 only 

1^17. Section I of each rating Personnel 
Advancement Requirement (PAR) list ^ 
contalnsy among other things, the . 
Individual's tima in rata ahd length ' 
of aarvica. * ' * V 



1-id. How often and by whom is the publication 

Bibliography for Advancement Study, 
' 't<^ NAVEDTRA 10052 (Series) , issued in revised. 
' form? • " 

1. Annually by the Chief of Naval Opera- 
tions 

2. Annually by the Chief of Naval Educa- 
tion and Training 

3. Semiannually by phe Bureau of Naval 
Personnel , 

4. Annually 'by the Bureau of Naval 
Personnel 

1-19. The completion requirement for a manda- 
tory Rate Training Manual marked with an 
asterisk (*) in Bibliography for Advance- 
ment Study, NAVFERS 10052 (Serlbs) may 
be satisfied by 

1. paasing a locally prepared test only 

2. passing the nonresident career course 
based on the designated mandatory 

' training manual only 

3. fiompleting an appropriate school only 

4. passing a nonre^ident career course 
or a locally prepared test, or comr- 
pleting an appropriate school 



Learning Objective: Identify the 
purpose and types of Rate Training 
' Manuals » and select effective study 
methods. 



1-20. The publication. Aviation Electrician's 
Mate 1 & C, NAVEDTRA 10349-D, is clas- 
sified as what type of manual? 

1. A Basigi^nual 

2. A Subjict Matter Mah«j«l 

3. A Rate Training Manui^^..^ 

4 . An Emerfenty Service Kjinual 



1-21. 



{ 



Which of £h^ following stat^bienta concem*- 
ing the information presented in a subject 
matter manu^ is <:^rrect? • 

1. It is c<Mlo8 to more than one Navy 
rating 

2. ItMs^to lie studied by all Navy 
personnel 

It is sli^A and. fundamental enough 
to jt>€; liJ B ^tood by beginners 

"^aiiiSntal to the rating from 
maniial's title Is derived 



ERIC 



335 



■ * k / 

O ."S , "i, M i , 



1-22 < The special purpose of rate training 
manualb Is to 

1. cover the professional and military 
aspects of specific ratings 

2. teach specific equipments to person- 
nel In specific rates 

3. off^r advanced study to graduates of 
Navy schools r 

A . aid personnel to advance In rating 



1-23. 



1-2A. 



1-25. 



To use rate training manual. Aviation 
Electrician's Mate 1 & C to the best 
advantage and to gain the most from It, 
It Is suggested that you start by 

1. browsing through the manual ^ 

2. preteadlng the entire manual 

3. reading the Introductions to each 
^. chapter 

A. xeadlng the preface, table of con- 
tents, and Index 

The reason why study suggestions A and 7 
are Included In the list of study sugges- 
tions given In your t;extbook Is that In 
following them you 

1. are able to peg each subject to an 
Individual standard as given in the 

'Occupational Standards Manual 

2. <^amlllarlze yourdelf with the alms 

^ and contents of. the manual and relate 
',thti B^ubject areas to your past 
experiences, thereby creating an 
excellent learning situation 

3. write an outline of the manO'al which 
will be valuable reference for 
future study ^ \ 

A. are able to separate the military 
standards from the professional 
standards In the textbook 

The use of nonresident career courses Is 
encouraged because 

1. questions from nonresident career 

courses are used In advancement 

examln4tJ.onB 
'12. :partl<ilnatlon In the advanqement 

dycle . 1b mandatory 
3. material In rate training manuals Is 

leartiied better 4f studied along with 

the ;^lbntJe8ldent cy^rj^i^^ 
A. successfqi compleiv^^v^ 
/^'cajfeer courfbe can;;^5w|^:;tii,i^b^ 

Learning 08^*|iy^ i,, , tech- 

niques bf>1id f^cxjp^^ 

ties for Buj?eryiti^ 

tr^ining^; And ifb^E|jfvyitlr others 

that accoinpany Bd^tfiteeiiiient to AEI 

and AEC» - 



1-26.'^ Whlcb.'etatement Is correct concerning 

your responsibilities, as a senior A£ In 
charge of a shop. In addition to your 
supervisory duties? 

1. You must train strikers 16 Interpret 
general orders from higher authority 
, wlt;hout help from the shop supervisor 
f 2. You must demand respect regardless of 
your professional knowledge 
You are the In t farmed lary between your^ 
shop personnel and ^higher authority 
In both technical and milltary^ matters 
A. You tell your men how a job Is to be 
done without showing them how | 

1-27. As a senior petty officer your authority, 
and* that of all other Navy personnel^ 
rests upon the 

1. position occupied * , 

2. leadership qualities exhibited > 

3. degree of speclall^^ed^knc/wledge and 
skills ^ 

A. authority conferred by the commanding 
I officer 

1-28. Although all the following statements are 
correct, which one Is most applicable to 
the training of subordinates In technical 
and military subjects by senior petty ' 
officers? Training Is conducted 

1. any tlmd maintenance Is performed 

2. whenever and wherever a group I of sub- 
ordinates can be assembled for 
classroom type Instruction 
any time and any place an opportunity 
for training exists i 
by holding fbtmal- or Informal sessions 
during Idle periods When no work can 
be accomplished 

1-29. Which 6f the following Is NOT a good 

reason for correctlnj^ the terminology * 
used by a junior 'AE , -who refers to a 
commutator as 'a cOn&mentator? 

1. Such technical TLgnOrance must be cor- 
rected In the Interest of the 
Individual, the command and the Navy 

2. The principles of good training 

* require that a senior petty officer 
insist 'upon the use of proper techni- 
, / -t^l term^ ' by his subordinates 
. 3." pF|d^tiire\t:^^ terminology 
. 4 ; , shows ari^^ with the sub- 

. ' : ■ ; the individual at a 

* -v' 'V V *f^.^**^^^.'3^*8® In communications which 
. K . ' in'yolv^f ;;the subject 
A.' ' It p^tiiqrii^s the junior that you know 
yoiir job well 
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1*30. Which of the following serves as a good 
guideline for ^fe|CLoping the curriculum 
for a tralnln^^o^ram? 
•1» Maintenance Instructions Manuals 
2: The Personnel Advancement Requirement 

(PAR) (NAVEDTRA 14U/4) ' 
3« Maval Aviation Maintenance Program^ 

OPNAV 4790.2 (Series) ; 
'4. List pt Training Manuals and correspon- 
dence Courses, NAVEpiRA 10061 (Series) 

1-31. One of the concepts of* long;'-range on-the- 
job training programs Is that senior AEs 
/ shouli^ attempt to 
1. €»sphaslze specialisation' 
2* emphasize study of theory Instead of 
practice 

3. broaden the specialized knowledge and 
' Akill of their personnel 

4. make adequate allowance for trlal-and- 
errbr learning 

1^3Z^y^^iMw AE be sure he Is getting 

• / . , the, latent- professional Information? ' 
i>^'ir' films listed In tlje cur- ^ 

' • / •••i:eB^t/ Navy Film ^[Jatalog, 
:ri - 
'V.j .V^' .-^^ only the latest revision 

^, that are periodically 

' ""^ifevised 

3« By checking the NAMP Mani^al for * 
V * applicability of publlcfatlona - 
' > ;4«' By performing aircraft j^alntenance- 
\ f from Information given In rajte train- 
ing manuals only 



Learning Objective:' Evaluate oppor- 
twltles available to' outstanding 
petty officers, and identify qualifi- 
cations^ prerequisite to advancement. 



1-37. 



1-39. 



1-40. 



1-33. 



What Is the maximum number of ^Imes that an 
E-7 may apply for warrant officer? 



1. 
2. 
3, 
4. 



One 
Two 
Three 
' Four 



1-41. 



1-34. 



1-35. 



An E-6 with 10 years of service may apply 
for whl'ch of the following advancements? 
1. ,Er-7 .only ^ 

i^E^Tr^h^ . V 

3. E-? and LnO' ertblgn only ^ ' ' v 

4; • Er-7, ^-[2, and LDO ensign . , ' • 

.". ■ • .. ■.-r ...v ^ ; 'y- 1 •■ •■■ 

Final tcfcommendatlon for selection of waf**- 
.rknt 'bf flcVir and limited duty officer ' 
tdindldates Is a fui)ctlon of 

1. the Secretary, of Defense 

2. a selection board 

3« the Chief of Naval Personnel (Deputy 
for Manpower Cohtrol) 
' 4. . the Chief of Naval Operations 



Learning bb|%ctlve: Recognize ASO- 
related functions, management con- 
trols and money fillocatlonSy Including 
purposes of the allocations.. 



1-36. Which of the following exercises manage- 
ment control ipver ASO? , 
1. The Navf r Air Systems Command 
2.. The Na\»). I^upply Systems Command 

3 . The Chief of : Naval Material 

4. The Chief of Naval Operations 

The primary Inventory control point for 
NAMP with respect to lavlatlon spare * 
.parts Is 

1. CNM , 

2. NAVSUP 

3. NAVAIR 

4. ASO . 

1-38. Which of the following Is HOT a function^ 
of ASO? ^{.-r , ' ' 

1« Bud^f^ting:^nd funding of all assigned 
a V 1 ai|blokk!\m4t ^r 1 allrequ 1 r emen t s 

12. Pr<}dari|ni;/ma.t^ dlr^ectly from 
In^tiflfttcy-A^^ - - 

3. blbppisinc^-df excess materials 
. 4^ Aut^)|ir£zin^'aviatlon budgets 

Congressional authorization foi^ the 
expenditure of funds from the gen^ral^ 
fund. Is known as an > . - 

1. operating target ^ 
appropriation 

1 3. authorization . 

4. allotment ' 



The 'money allocated to ASO for purchasing 
spare parts and furnishing them to 
activities at no cost* comes from the 

1. . OPTAR 

2. APA ^ 

3. OPA 

4. CPA ^ r vi" 



Whlcht of the following Is JNOT financed by 
the Aviation Fleet Maintenance jiiidlget? 

1. Common hardware ■* . *. V 

2. Lubricants, V .^V* <i:;i 1JU 

3. Cutting ccSmpounils • ^^^^'^ 



FUght crew, cj-othltig' i 



I'Learnlng Objective: Recognize mean- 
ings of various cognizance symbols 
and SM&R codes, and identify con- . 
tents of, uses for I and command^ 
revision responsibilities . toward 
maintenance-related supply publica- 



tions • 
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1-42. Which of the following cognizant symbols 
used at the beginning of a National Stock 
Number 1:eprei$ent« ASO? 

2. 2v ■ '•• . — 

r ^ ^. 9N ..- ^ 



1-50. 



Section I of NAVSUP 2002, contains which 
of the following listings?. 

1. 'An ascending alphabetical/numerical 
listing of all publications and forma 

2. A descending alphabetical/niimerical 
listing of all publications and forms 

^3, An ascending alphabetical/niimerical 1-51. 
. ' . listing of aircraft publications only / 
4. . A descending alphabetical/niimerical 
listing of aircraft publications only 



l-:44, - For which of the following would use of 
the IFB be most useful? 

1. For finding equipment input power 
>'^**^ if^qulrements 

' 'iiy equipment-- 
J^3:,:VVjpir^^ obtaining the stock number of 
y >^^4?i4,uipmen t 

ft'IiiV Jot^ obtaining the dtmensions of 
equipment 

1t^^5. Which volume of the S3 aircraft IFB con- 
tains the Reference ^Designs t ion . Index? 

■4^-^^ 1.. 1 ■' ' ^ 

2. 2 .• . 

3. .3 

4. 4 



Learning Objective: Recognize func- 
tions and organizational aspects, of ^ 
supply sections and centers. 



Material requirements of a work center ^ 
are submitted^ first to 
1. SSC 5 - 
2/ MCC • 
3- SRS v , / 

4. CCS ' \^ ' - r/ 

A Supply Sijpport^Ceirfer is composed of 
what twQ sections? ■ / • ; 

1. MCC and CCS * 

2. MCC and SRS V . 
3\ SRS and CCS . ' 
4. . SRS and.PMS . ^ ... . 

1-52. What su'pp^y section is Responsible for 
preparing DD FORM 1348? - 

>V-. 1. -SSC • - /■ • 

^2. CCS ^ ' 

3. SRS " f 

4. PMS - . 

1-53. When in organizational work center , orders ' 
a pa^t, who:«[ssigns the priority indicator 
and the project code?- 

1. fhe work center ordering the part ., , 
assigns bot;h .^y^\' *y 

2. - Material control assigns both 

3. Maintenance ;gQntrol assigns both 

4. Maintenance! control assigns the 
priority and material control assigns 

project: <;9de 

Eatablishing procedures for proper opera- 
tion of the tool room is a* function of 
1:' the line dlviSldh;,. 

2. {laterial Cpxitrbr 

3. Quality Assurancia 

4. the aircraft- il^^^ 

Whi(;h of the f ollowinV' 1?; a function of 
Material Control? ^ i 

1. . To inventory alrcraf t^upon receipt , 

or transfer . 
2; .To develop the OPTAR . . 

3. ' 'To ensure APA funds are used for fuel 
only 

4. To verify NORS requisitions daily and 
NFE ^quisitlD^is weekly 



Learning Objective: , Recognjlze purposes. / 
of .various supply-relaied ^rogramsv * 
and i^^^^^^y facts concerning parts • 
klt^, activity diesignatcJrs^ preexpended 
bins, rotatable pools » and accoui)ta- 
bility codes. * 



1-46. What SM&R code means that an Item is to 
be manufactured at an IMA? 

1. MG ■ ' ♦ ^ , ^ „ 

2. PG^. 1-54. 

3. pa' ' / - , . 

■ .. ^ 4.^ PE 'V . ■ X -.'.- . 

1-47. Which of the following information about 
a. part is NOT dontained in the INumer leal 
_ \ ^ 'fnd-ex of Part Numbers of an IPB? 

* I.' The particular IPB section listing 1t55. 
* ttfe part / ♦ 

. , -^2. The SM&R code for the pXrt V • ^ 
^. ♦ 3. The figure and index number * of .items 

4. The reference ^de'sig^natolc* for the part 

"hi-4fi. ' Items known to be -required .to maintain 
iafei'onautical activities in a mater;La], 
. * ^^eadihtfss** condition are listed on a /an 

/ 1. aetonautical allowdhce list * . 
. ; / 2. Initial' outfitting list ; ^ 

/ .3. 'aeronautical directive list 
' ^' 4. tabfle of basic allowance • 

V #i-.49. Who esta-blishes tlie r§;tssue cycles for 
JVeronautlQoJ. Aliowahce LlstqJ^ ' * - 
(• * 1. NAVAIRSYSCOM' . ' 

- 2. ASO ^ . 
- . 3. CNO 

4. DOD 
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1-56. The purpose of the screening program *ln 

an Intermediate ma Ijti tenancy activity Is tp 
■ 1. repair defective equipment , 

2. package material turned In -aj^d convert 
. It to' RFI status 

3. determine If defective material can 
be repaired locally 

4. ensure that repaired material Is 
available for maintenance 

1-57. What Is the j>urpose <5f MILSTRIP? 

To standardize the supply system 
m,'. within the military eBtabllshment 
z.. To ensure, that manufacturers produce 
an Item the same each time It Is 
manufactured . " 

3, To pro vide a priority system for the 
- ^ requisition of supplies 

4. To ensure that manu^acturets are pro- 
ducing quality jltems for' military use 

r 

1-58. Which of tl{fe following force/activity 
designators, when lised In peace time, 
normally must be approved by the President 
or the Joint Chiefs of Staff? 

1. I 

2. II • ^ 

3. III^ 

\ 4: IV ■ 



In Items 1-5^ through l#-6^,- select from column B 
the type kit to which 6ach statement concern itig 
parts kits In^olumn A applies, ^ 



-63^ the commanding officer must approve plac- 
ing consumable Items lii the preexpended 
bin If their unit prlce^ exceeds what 
minimum value? 

1. $ 5 ■ 

2. $15 *■ . • 

3. $25 - * 

4. $50 * 



1-64, 



1-65. 



1-66. 



' 1^59. 



1-60. 



1-61. 



A. Statements 

It contains Items to which an 
expiration date lis not faor- 
mally assigned and iyhlch^'can 
usually be Installed without 
use of special ' tools i . 

V • ' . .. • ' ' ■ 

It can cbntaln^oth 90ft and 
.hard goods' and bears an 
expiration date 

It Is not used.by pej^^onnel 
of aiA operating' squadron . 



1-67. 



B. 


Type 




Kits 


1. 


c . 


2. 


. U 


3. 


F 


4. 


A 



l-68<. 



:62. The principal value of preexpended bins In 
malnCiehance activity spaces Is that 

1. the material consigned to them Is not 
accountable at .any riupply level 

2. the material consigned to them can be 
protected from deterioration because 
of age 

3. the activity's supply division Is 
relieved of the responsibility foj 
stocking and maintaining hlgh-usage,^> 
low-cost Items /^'f)'*^ 

,4. $oriie high-usage, low-cost Items are ' 
immediately available to maintenance- * 
personnel 



For an item to be placed in a rotatable 
pool, it must have a minimum^ usage rate. of 

1. jahe per month 

2. one per quarter * 

3. one per year 

4. one every tWQ. years 4. 

Which of the following can NOT be deter7* 
mined from the SM&R code of an item? 

1. The source of spares * 

2. The level of maintenance authorized 
to use the item 

3. The level of maintenance au theorized / 
, to overhaul t*he item 

.4^^ The; cognizant activity 

What' should you do to obtain a replacement 
part that has a source code of MG? 
1. Request that IMA manufacture the part 
Request that the part be manufactured 
b^ depot-level maintenance 
Have supply open-purchase the part 
Order component parts and assemble 
them upon receipt 



The third position in an SM&R code 
indicates the 

'1; level of maintenance authorized tq 
use arid repair support items 
source for acquiring the item 
lowest maintenance' level for complete 
repair ' - r ' ' ' 
disposition action for unservic^eable 
items ■ , ' >i ■ 



2; 
3. 

4. 



X.part requiring assembly at depottJ 
maintenance is used repeatedly by your 
squadron. Which of the following actions 
should you take concerning the part? 

1. Wait until the next provisioning con- 
ference and get its code changed 

2. Notify Supply to have the code 
changed on the IMRL 

3. Submit your recommended change on a 
UR 

4. Request that NAVAIRREWORKFAC stock- 
pile these parts in order to meet 
antioipated usage • 
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Learning Objective: Recognize 
criteria for conducting material 
Inventories and surveys, for using 
^pply fprm9/;and for repairing 
defective components^ and identify 
the producer of the IMRL. 



1-69. How often does the controlling custpdian 
of reportable support equipment inven- • . 
tory the equipment? vV*' 

1. Bianniially'' -' - ''^^ 

2. Annually V': : . 

3. Each 18 montit^ 

, ;. 4. Only when directed by ASO 

i-70, Who produces the IMRL? 
1'. NAVAIRSYSCOMREPS 
2. ACC 

. -r. '3. ; cnm; * . 

4. NAVSUPSYSCOM . t ; 

i ' / 

1-71. Which of the following actions applies 
to defective repairable components 
removed from an aircraft? *. , 

1. All components should be ^rwarded to 
the appropriate depot maintenancd 

* ' activity ■ i ^ 

2. All. components should be disposed of 
locally ^ ' 

3. * All components shbuld be repaired at 
' ' the lowest level of maintenance 

which has the Capability 

4. All components shou^H be turned in 
to Supply 



l,-72» Which of the following forms is used for 
documentation of^ material returned to 
» the suifply system? 

1. NAVSUP FORM. 1249 

2. DD"FORM 1348 

3. DD FORM 1348-1 * 
N 4. DD FORM 4790-26' ' 

1-73. Which of the following officers may ; • 
serve on a formal survey board convened 
to survey material belonging to the ',: ' 
avionics division? / 

1. The avionics officer 

2. The aircraft divlgion officer . 

3. The commanding officer, 

4. The officer having custody of the 
material being surveyed . , , 

1-74. If the reviewing officer disapproves the 
findings of an informal survey*, ^at. 
action should he take? 
1. Cauae another Informal survey to. 
be convened 

V 2.' Cause a formal survey to t>e convened 

3. Forward the findings to the' supply 
^ officer for a dealslon 
If, Forward the findings to 'the command - 
' ing officer for 'a ^ciclalon 

■* '•• ' " "^j' . ■•• 
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Assignment 2 



Supply and" Publications; Aircraft. .Electrical Control and Distribution; Aiic Data Computer Sy sterna 
Tekt: >ages 33 - 74 ' " ' . 



2-1. 



2-2. 



2-3. 



2-4. 



Learning, Objective: Recognize con- 
tents , Usesy titles, and Identifi- 
cation numbers, of malnt^enance 
publications and related mlcrot^flms. 



Ydu should look" In. what manual to find the 
microfilm cartridge number, when tlhe publi- 
cation number Is knoVn? v 

1. NAVAIR 00-50(DM Part I ' 

2. NAVAIR 00-500M 'Part il ^ 

3. NAVSUP 2002 Section I 

4. NAVSUP 2002 iSectlon II 

A MIARS microfilm cartridge Is numbered 
SEl. '450(c). What do4s (a) the number 
' 450 and (h) the letter c mean? 

1. (a) Intermedia t& level maintenance 
(b) Third revision 

2. (a) Interinedrlate level maintenance 
(b) Confidential 

'3. (a) Organizational level maintenance^ 

(b) Third revision 

4. (a) Organizational level maintenance 

(b) Confidential 

You are bench checking an electronic set 
in an Intermediate maintenance activity' 
and you question the^ performance of one 
section of the set. In order to determine 
whether the performance Is acceptable, you 
should consult the,* 

1. Organizational section of the Mainte- 
nance Instructions Manual 

2. Specifications section qf the Illus- 
trated Parts Breakdown 

3. Organizational section of the Opera- 
tion and Service Instruction Mant;^! 

4. Specifications sectlop of the Opera- 
tion find Service . Xnsvtructlon Manual 

'Whl<^h section of an equipment's Operation 
and Service Instruction Manual normally 
contains complete alignment procedures for 
the equipment? "» 

1. The organizational maintenance^ section 

2. The Intermediate maintenance section 

3. The depot maintenance section 
.4. The troubleshooting section 



2-5. Which of the following technical directive 
codes applies to avionics? 
. 1. 01-2Y-61 r/., 
2.,, 0S-2Y-62 >■ ' 
3> ' 10-2Y-63 >. ^ 

a2-2Y-64 . V : 

2-6. Which of phe following statemients Is corr 
rect concerning Changes and Bulletins ' 
^ appXlcablp ta'aei^onautlcal equipment? 
1. Both relate to operational. ieatut'es* 
but a Bulletin always Involves a 
change kit of parts 
^ 2. Bot;h relate to operational features^ 

but a Change always Involves a change^ 
/ \ kit of parts ; 
-3. A Change "results In al'terajilpn of: 
jj .'* physical ap]peararic€. or 'Ins Italia t Ion:; 

of equipment; a Bulletin ls\an Interim, 
document* comprlsied of Instructions And 
- Information ^ ■ } 

A Bulletin results In alteration, of 
hyslcal appearance or Installation 
f equipment In an alr^rafi:;. a Change 
s an.ltjterlm document comprised of ' 
* Instructions and Information 

'2-7. A minor change can be tnade to a directive 
already i*|ued by the ''Issuance of a/an 

1. Revision 

2. Bulletin 

3. Amendment ' . ' ^ ' 

4. Interim Change * 

■ ■ ; ^ ' ■ ■. 

2-8. Which' of- t^e. following technical directive 
action categories Is concerned H*l,th proce- 
dural deficiencies of material, tactl'cal In 
nature^ that If uncorrected cduld? consti- 
tute a hazard? ' - . 

1. Routine , - ^ 

2. Record purposie , 

3. .Urgent . 
.4. Immediate » 

2-9. Of the various Electronics InstallaJ:ion and 
Maintenance (EIMB) handbpoks, which one' Is 
of special interest to the Afi? 
1. Test Methods and Practices .'-r 
•2. EMI Reduction 

3. Test Equipment '.^ / . 

4. Reference Data ' 



9 



2rip. The publication Basic Theory and Applica- 
r iyi*tlon of Transistors contains information 
' iv ..' on translator usage Applicable to All of 
the following EXCEPT ^ 
.1. amplifiers ' . ■" \ 
'2. . oscillators 

3. switching circuits 

4. 'X;arbon pile., voltage regulatoi's 

2-11. Which of the folXt)wing chapter^, of Navy 
Safety Precautions for Forces AftLoat 
(OPNAVINST 510D.19) is of special intetest 
'to the':AE? 
l.y Chaptet 1 

.2. ChajE>ter 2 ; • * . - 

- 3. Chapter 3 ^ ^ 

4. ' Chapter 5 ' . 

2-12. It shoCild be borne in mind that the prin- f 
cipal reason for maintaining a technical *, 
• . library is to . \ ■ > . 

1. ensure tMt all publications are kept 
current ^ , ^ 

2. ^ !make^ available, to ufalntenance person- 
.* ner the publications cpntklned therein 

3. ensure that the command receives al). 
: .pertinent 'technical publications 

. ^ ^ A. provide teaching mat erial'^b^ whtch 

senior electricians may train Juniors^ 

2-i3. What is the h{mb er of the form use(f':to 

"report errdrs in technical pubiicatibns?-. 
1. OPNAV 4790/47 
^ . 2. OPNAV 4790/36 v. - 

3. OPNAV 4790/36A o r 

4. . OPNAV 4790/35 . . ' 



Learning Objective: Indicate 
advantages of polyphase power 
in aircraft, and recognize how 
generator frequency and voltage 
ai^e Controlled. 



2-16. Recently developed models of aircraft,^ . 
obtain their c6nstant-fr<?quen(^y •ac'4>wet 
from constant-speed engine-driven aic V 
geheratorsw Which of the follijwlng^ ' 
devices is the AE required ;to .un3erstand 
as direct result of this development? 
1. The carbon-pile yo^l tag le regulators^ - 

used wi^h such gej^erators 
2.,/'^^^'l^ with such 

; j[^erat6rs •■ , ., ^ .■" 

o:^?-^ 1^ carbon-rplle speed regulators used 
i *. : 'with such gener^^ibts ^ ^ . . 

■:^,;4>.Hlnvertets ■ ,.• • ' 



2-17:. 



•J 



: tHe ^klr craft , generator > frequency 



clutch ^ 



f^^^'^bi^^^^ compressed ^1?: -i- :.-'- 

3 . ^ '*i8^%iec trical rrfi^uency-senaing devi<le 

4. «a' mechanical transmission 



■f — — T — — T , 

2-14. Polyphase electrical power in aircraft is 
> advantageous over older systems Xn that 

I'.v less power per system is consumed 

2. "component? have 60% longer life cycles 

3. fewer units per system ^e needed 

4. <£pinppnents are smaller and lighter 

' 2-X5. Frequency of an aircraft's generator la a 
function of . 
1. voltage regulation 
• 2., 'generator speed 

3. engine speed y ' ^ ■ ' ■ ^ , 

4. load control * <j. 



' • • •• ■ ■/ • 

^ ^ Refer to figure 3-1, in Answering Items 

\: :is]jB througll 2^21^* : . 

2-18. Note tfieiseriea circuits asspciated with 
' CRl, CR2, and Tl. A change in generator 
frequency causes higher impedance in one 
■ \ . circuit' and lower Impedance Ih the other 
because . ' ^ , ^ 
. ; 1. the. secondaries.of Tl.haVe dif fere^t^ 
couplings to the primary 
2. CI and C2 have different capacitances . 
• 3. the citcuits have different resonant 

frequencies- < 

CRl and CR2 have different resistances 



2-19. 



2-20. 



4. 



A change in generator output frequency Is 
sens'ed by , , 

1. the saturable reactor bridge 

2. the interaction of: voltage, across the v 
'secondaries ofTl^f 

^ . the resonant network whose rcibonant 
'frequency is approached by the chang- 
ing signal . ' 

4 . boCh the resonant networks simultane- 
ously . ; • y 

Which statement is correct relative to 
system reaction when generator frequency t 
increases? * , 

1. The Impedance of I!<2-C4 increases ^ 

2. The > prime mover speed governor setting 
is raised 

3. DC current flows upward through the ' 
. control winding 

4. Current flows through SR2 and SR3 
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2-21. 



2-22. 



2-23. 



2-24. 



4. 



AssuBie a decraaslng line frequency. 
Which statamant correctly deacribea 
the circuit action? 
^ 1. Current through the secondariefi of 
Tl is held constant by CRl arid.CR2, 
but the tendency of current change 
through the saturable reactoraf causes 
the motor speed to vary 
Current increases through both 
and CR2; current flows in a clockwise 
direction from CWl to CW2; impedance 
increases in *^all four saturable 
reactors 

Current decreases through CRl and 
increases through CR2; impedance 
increasea in two aaturable reactors 
'and decreases in two ' 
Current increases through CRl and 
decreases through CR2; impedance 
;^crea8es in two aaturable reactors 
and decreases in two 

Refer to figure 3-2 in answering items 
2-22 through 2-26. 

What function is the voltage regulator in 
the highest-phase takeover sensing cir- 
cuit designed to accomplish? < 
1. To maintain a constant voltage across 
capacitor ClOl 

To maintain a constant voltage across 
the Zener diodes 

To prevent transistor breakdown by 
limiting base-to-emitter voltages 
To ensure that each amplifier gate 
winding delivers an equal share of 
the aniplif ier output current / 



2. 



3. 



4. 



What is the purpose of L105 and C203? 

1. To filter ripple voltage from the 
base of Q102 

2. To compensate for temperature change 

3. _ To ensure equal conduction of Ql and 

Q2 

4. To filter the regulator's output 
voltage ' ^ 

Which of the following statements regard- 
ing ClOl is correct? 

1. The charge on QlOl remains slightly 
higher than the output of L104 
The^charge on ClOl remains slightly 
lower than the output of L104 
The charge on ClQl is the voltage 
regulated by the regulator 
The charge on ClOl is approximately 
one*-half the regulator's output 
voltage 



2. 



3. 



2-25. When; tdkf d-phase line voltage increaaea 
2 valta». what error algnal voltage is 
applied to transistors QlOl and Q102 in 
order to reduce line voltage to its " ^ ^ 
previous value? ^ 

1. 2,00 V and 0.32 v respectively ^ 

2. 1.68 V and 2.00 v respectively 
# 3. 1.68 V and 0.32 v respectively 

4. 0.32 v and 2.00 v respectively ^ 

2-26. What is the purpose of resistors R106 and 
R107? . * 

1. To provide RC coupling to QlOl and qi02« 

2. To maintain tempettatCire stabilization ' 

3. TO' prevent inductive kickback through 
CR107 and CR108 

*. To keep QlOl and Q102 in cutoff until a 
signal Is applied 



Learning Objective: Relative to 
circuit protectors, recognize 
thear futictiona and Conditions 
of 'tisfe. 



2-27. Dual-ftfu|t^on electrical "^lower protection 
devicelraf^^^dvantageous over single- 
function devices in that they 

1. permit undamaged portions of a system 
, to continue functioning 

2. automatically reset aftar a fault is 
cleared 

3. automatically energize redundant 
circuitry to replace faulty circuitry 

4. indicate in what portion of a system 
a fault occurred 

2-28. Of the following aircraft equipment, which 
is most likely connected to' an electrical 
system which is protected ^y a single- 
function protective device? 

1. Bomb director computer ^ 

2. Lanckng lights. 

3. Bomb* bay lights 

4. Instrument lights 

2-29. Refer to fl»ute 3-3. Which of the follow- 
ing statements is correct concerning the 
use 6J[ the protectors? 

1. (A) is used^ for category 1 equipment; 
(d) is used for categories 2 and 3 

^uipmeiit 

2. (A) appears in all three phases of a 

system; 

(B) appears in only one phase of a ^ 
system 

3. (A) appears in only one phase of a 

system; 

(B) appears in all three phases of a 
system ' 

4. Both (A) and (B) appear in all three 
phases of a systan 
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^ JUf«r to fisortt 3-A in antwerlng itema 
T 2-30 And 2-31. ^ 

2-30. Which stattMnt is correct concerning the 
* operation of ,the circuit? 

1. 'An overvo).t«ge causes, J^ncreased recti- 
f . |ier curranC to floir through the ac 

# ^ power contractor ' i 

2. *Aa overvfltage increases Tl'a'react-^ 
V ,ance so that cit<&it currei^ is too 

i snail to naintain the trip relay ^ 
■ doaed V ^ * 

3. An oveavpitage causes the ac power 
contactor to ^liatter • / y 

4 . An overvo^age causes the ac poller » 

• op^ntactor to loae its dc actuating 
iV. voltage , ^ 4.- 

' ' ' „ 
2-31. Wheqi^ overvoltage occ)iBa, what preventer 
the trip relay fro^ cyclf^ the geoarator 
on and off the line? a 
«I» Tl^e ilpring load on the Jftovable relay 
. ^ contact ' • 

« 2. The ac voltage flron Tl ■' , ■ " 

p 3. The conatant 28v across the'trip 

relay cgll* 
4. Removal of the 28v ^ob the circuit 

' 2-32. Mechanical speed-switches for underfre^ 

quency protection are used under which of 
the following conditions? 

1. When the generator is a relatively 
slow- turning device 

2. When the^ generator is a relatively 
fast- turning device 

.3. When accurate frequency protection is 
not essential 
4. When accurate frequency protection Is 
essential ^-i 

2-33. In the under frequency protector illus- 
trated in figure 3-6 of your textbook* 
what effect dpes CI and Ll have on the 
operation of the unit as gj^erator speedv- 
increases and approaches operating 
frequency? 

1. * The tnpedance of the LG circuit 

^ increases 9 and more voltage appears 
across the trip relay coil 

2. The impedance of the LC circuit 
decreases 9 and more voltage appears s 
across the trip relay coil 

3. The impedance of the LC circuit ^ 
decrieasest, and less voltage appears 
across the trip relay coil 

« 4. Tl^e impedance' of the 'LC circuit 

increases* and less voltage a|>pear8 
across the trip relay coil t;^ 



2-34. Refer to figure 3-7. Which of tfha follow^ 
ing'^ conditions must exis^ in order for the 
external power contactor to closef 
,1. -The POS SEQ^relay must be energised, 
/ NEC SEQ relay deenargisad 

^ ' 2. The NEG SEQ relay must be en<^rgized, ^ 
POS SEQ relay deenargisad . 
^ 3. ^ Both SEQ rel^gp• must be energised 
4. Both SEQ relalte must be daenergized 



2-35, 



Learning Objective: Point out 
f||a^ures of P-3C power distri- 
• bution* and circuit trace through . 

a schcsuEitic to determine given 
^onditionst # 

•■ — \ — [ 

. K^er to table 3-1*. Which of the fqjllpw- 
V ing unita is powered from the flight 
essential, bus? 

1. LH ^tQt heater * ' 

2. Fijier^rossfeed control - r 



3.^ Cooput%r 



4^ Qnpennage deicing 

2-36* Which of the three transformer rectifiers 
can ^pply power to the^entire aircraft?/, 

1. No. 1 only 

2. No. 2 only • ^ 

3. No. 1 and No. 2 , 

4. No. 1 and No. 3 

0 Refer. to figure 3-8 in answering items 

2- 37 thrcfugh 2-39. 

2-37. Which df the following statements is cor- 
rect relative to engine starting? 
1. The GROUND OPERATION DC BUS must be 

hot for engine starting, even when 

airborne 

2.. Engine starting recjuires three power 
.sources t electrical, pneumatic, and 
. hy4r^ulic J 

3- Engine starting requires two^ower 
sources, electrical and pnetimatic 

4. In an emergency, engines can be 

started with the battery as the only 
si^rce of power 

2-38. Which the following power parameters 

must be within given tolerance(8) before 
s transfer relay No. 4 will energize? 

1. Frequency otliff^ 

2. Voltage only 

3. Phase relationship only 

4. Voltage, frequency, and phase 
relationship 



34t 



12 



ERIC 



2-39. 



2-AO. 



2-42. 



2-43. 



In normal operation, the MONITORABLE 
ESSQjfTIAL DC BUS receives Its power from 
!• " TR3 « 
2« the battery, 

the flight essential dc bus 
4« the start essential dc bi|s 

Of the fo^r generators aboard » which ones 

can power the entire electrical load by 

themselves? 

1« Any generator 

2. No. 2 or No. 3 generators only 

3. No, 2, No. 3, or APU generators only 

4. No, 3 or APU generators only 

In order for the APU to power all the 
ESSENTIAL ac and dc buses » which of the 
-following relays must l?e energized? 
1« Run-*around relay 2 only 
2. Run-around relay 2 and *the essential 
ac bus relay 2^ 

Run-around relay '3f,^*^ransfer relay 4, 
and essential ac^lplt$ r;elay 2 
Transfer relay^ Mjd 7^ and run- 
around relay 2 *V 



3. 



.4, 



, When the No. 4 and APU generators are the 
only ones available, which' of the follow- 
ing Is a correct statement? 
.1. Generator 4 supplies MAIN AC BUS A, 
and the APU generator supplies MAIN 
AC BUS B 

2. Generator 4 supplies MAIN AC BUS B, 
and the APU generator supplies MAIN 
AC BUS A 

^. Generator 4 supplies the entire elec- 
trical load, and the APU generator Is 
on standby 

4. The APU generator supplies the^ entire 
electrical load, and generator 4 Is 
on standby , ^ 

In attempting to Isolate ajci electrical 
fire, the A bus monitoring switch Is 
'turned to OFF. This results In loss of 
power to - ' ' 

1. main ac bus B 

2. main ac bus A 

3. the monitorable essential ac bus 

4. the monitorable essential dc bus 



Learning Objective: Recognize facts 
relevant to functions of an air data 
computer system. Including Input and 
output quantities and terminology. 



2-44. The pneumatic output supplied by the air 

data computer for Instrument use represents 
the corrected value of which of\ the follow- 
ing? 

1. Total pressure 

2. Impact pressure ^ 

3. Pltot pressure r 

4. Static pressure 

2-45. What type of computer outputs are used to 
represent triie airspeed, Mach number, and 
Impact pressure? 

1. Electrical and pneumatic 

2. Pneumatic only 

3. Electrical only 
4* Pltot-statlc 

2-46. Vhaf^re the four data Inputs to the air * 
4at:||K<w«aputer? y 
X« '^jq^ct pressure, total temperature, 
: indicated static pressure, and true 
angle of attack 



true temperature, 
ivressure, and 
^ attack 

. otal temperature. 



2. Impact pressure. 
Indicated star 
Indicated ang. 

3. Total pressure, 
Indicated static pressure, , and 
Indicated angle of attack 

4« Impact pressure, total temperature. 
Indicated static pressure, and Indi- 
cated angle to attack 

2-47. Refer to table 4-1 In your textbook. The 
symbol associated with Impact pressure Is 
1. , Hp 

2^ Pt . 

3. Qc • 

4. Psl 

2-48, The CADC Is basically what type of compu- 
ter? 

1. Electromechanical analog 

2. Electromechanical digital 

3. Electrical analog 

' 4. Electrical digital 

2-49. Sfircifc pressure errors become a signifi- 
cant factor at what relative speed (S)? 
1« Supersonic only 
2« Transonic only ^ 

3. Subsonic and supersonic 

4. Supersonic and transonic » 

2-50. Th(^ two pressures i/hlch when added are 
equal to total pressure are 

1. pltot pressure and Impact pressure* 

2. static pressure and the pressure 
created by the motion of the aircraft 

3. pltot pressure and the pressure 
created by the motion of the aircraft 

4. Impact pressure and the pressure * 
created by the motion of ^he aircraft 
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2-51. 



2-52, 



2-53. 



2r54. 



2-55. 



The two temperatures which make up total 
temperature are ^ 

1. ambient plus the engine Intake ram 
air 

2. ambient plus the temperature Increase 
created by the motion of the aircraft 

^3.^ ambient plus the temperature decrease 
created by the surrounding air 
4, ambient plus the ratio of ram air 
external to the aircraft and engine 
Intake ram air temperatures 

the reference for the angle-of-attack 

probe Is the 

1* aircraft's wing axis 

2. aircraft's longitudinal datum line 

3. earth's magnetic lines of force 

4. ground direcrly below the aircraft 




2-56. 



Learning Objective: Correlate 
symbols with the functions of an 
ADC represented by the symbols, 
and recognize principles of 
operation of the static pressure 
compensator (SPC). 



The two^ variables, that cause the most 
significant errors In Indicated static 
pressure as detected by the aircraft 
static forts are Mach number and 

1. angle of attack 

2. airspeed 

3. total t^perature 

4. ambient temperature 



The purpose of the static pressure compen- 
sator (SPC) Is to 

1. produce true pltot-statlc pressure 

2. compensate for static pressure errors 
caused by temperature changes 

3. produce true static pressure 

4. produce true total pressure 



2-58. 



2-59. 



The purpose of the SPC failsafe circuitry 
Is to 

*1. block off the Indicated static line 
and vent the SPC case tb cabin air 
If the SPC falls 

2. block off the Indicated static line 
and vent the SPC case to the auxiliary 
static port If the SPC falls 

3. block off the Indicated static line 
and connect^ the auxiliary static line 
to the true static load lines if the 
SPC fails . » 

4. connect the indicated static line 
directly to the true static load 
lines if the SPC fails 



to, figure 4-6 
through 2i-58. 



answering items 



3. 



The beam is balanced when the 

1. force Po is equal to the force at 
point B and the force Psl is equal 
to the 'force at; point A 

2. fulcrum is midway between points A and 
B and gage pressure (Pg) is equal to 
vacuum pressure (Pv) 
force at point B times the distance 
from point A to the, fulcrum is equal 
to the force* at point A times the 
dlstance( from point B to the fulcrum 
force at point B times the distance 
from point B to the fi^lcrum is equal 
to the force at point A times the 
distance from poln^t A to the fulorum 



2-57. ' The purpose of Mach function cams fl a^n 
f2 is to I 

1. position the C potentiometer of tl 
angle-of-attack transmitter 

2. trip the failsafe circuitry when the 
aircraft exceeds its Mach limit 

3. position potentlometets R36 and R32 

4. position variable resistors R33 and 
R37 



,The difference in potential between the 
wipers of potentiometers R32 and R36 is 
zero at Mach 

1. 1.5 

2. 1.0 - 

3. 0.94 

4. zero 

Which of the following statements is cor<- 
rect concerning the operation of the SPC 
failsafe circuitry? 

1. A beam unbalance lasting 0.4 second ^ 
will have no effect on SPC oper- 
ation 

2. If 115 vac is interrupted for 0.2 
second the SPC failsafe solenoid 
deenergizes 

3. If 28 vdc^^^ interrupted for 0.2 
second the SPC failsafe solenoid 
deenergizes 

4. Relay K3 deenergizes on all power 
interruptions 



Learning Objective: Recognize fii^c- 
tions and principles of operation of 
the pressure ratio transducer (PRT) 
and the logarithm pressure controller 
(LPC). 
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^ Items 2-bO through 2-6(5 pertain to the 
pressure ratio transducer (PRT) shown 
in figure 4-8. * * 

2-60. The Mach output of the PRT is derived 
from ^ 
.1. Ft inputs only 

2. Ps inputs only *' 

3. Ps and Pt inputs 

4. LnPs and.Pt inputs ^ 



2-^1. 



2-62. 



2-63. 



2-64. 



Ps enters the case of the pressure ratio 
sensor^ and applies a force corresponding 
to Ps at one end of the beam by acting 
through the evacuated bellows, while Pt 
is ported to one side of a differential 
bellows which applies a force at the 
other end of the beam. The force applied 
to the beam by the differential bellows'^ 
corresponds to what pressure? 

1. Pt 

2. Pt - Ps 

3. Ps + Po 

4. Pt - Po 

/ - • * • ' 

When the beam is unbalanced, the .Voltage 
induced in the pickup winding nearest the 
beam is greater because 
1* the magnetic circuit consisting of 
the exciter core, the beam, and the 
near pickup winding core ^has a 
. greater reluctance 

2. the magnetic circuit consisting of 
the exciter core, the: beam, and the 
far pickup winding core has a greater 
permeance ' ^ 

3. the permeance in both pickup winding 
cores is greater 

4. the magnetic circuit consisting of 
the exciter core, the beam, and the 
near pickup winding core has a 
greater permeance 

The signal voltage, which is the output 
of the pickup coils, is equal to the 

1. difference between the voltages 
induced, in the pjtj^kup windings 

2. sum of the voltages induced in the 
pickup and exciter windings 

3. difference between the absolute 
values of the voltages induced in 
the two pickup windings 

4. amplitude of the larger voltage of 
0 the pickup windings 

In addition to driving the jackscrew to 
'reposition the fulcrum, the servomotor 
also drives the 

1. E-core transformer 

2. evacuated bellows 

3. device which provides the error 
signal input to the PRT 'v 

4. tachometer-generator , ^ 



2-65. The direction in which the servomotor 
rotates is determined by the 
1. direction of rotation, of the 
tachometer-generator 
' 2. ^hase of the error signal 

3. magnitude of the error signal 

4. magnitude of the tachometer-generator 
output 

k^2-66. Hpw is the beam balanced by the forces 
iri thin the PRT? /) 

1. They cause ^/^positioning of the * 
Tulcrum unCil the beam is balanced 

2. They adjii^t Ps until the beam is 
balanced' 

3. They adljust until th^ beam- is 
balancfed 

4. They;adjust the differential bellows 
until the beam is balanced t 

0 ' Items 2-67 through 2^73 pertain to Jlie 
logarithm pressure controller (LFC) ; 

2-67. The outputs of the LPC have the forms of 

1. two mechanical shaft positions and 
two electrical synchro isignals 

2. three miechanical shaft positions and ^ 
two electrical synchro signals 

3* one mechanical shaft position ^nd two 
electrical synchro sigi^als , 
r 4. two mechanical shaft ^osi^bns and 
three electrical synchro signals 

^ Refer to figure 4-9* in ktiswering items 
2-68 through 2-70. ' . 

2-68. The plirpose of the linearizing cam in the 
carriage assembly^ of the LPC is to compen- 
sate for the slight nonlinearity in the 

Cturai logarithm of 
static pressure (LnPs) with indicated 
pressure changes (LoFsi changes) 

2. Indicated static pressure (LnPsi) 
^ with altitude changes 

3. static pressure (LnPs) with altitude 
changes 

4. indicated static pressure corrected 
for airspeed errors 

2-69. A Ps shaft output is derived from LnP^ 
shaft rotation by the Ps shaftTbeing 
driven by the LnPs shaft through 

1. a pair of antilog gears 

2. a pair of analog synchro -rotors 

3. one antilog gear and one -analog 
synthro rotor 

4. a pair of log-log gears 

2-70. The incremental change. in LnPs (ALnPs) 
output is used in 

1. missile control " 

2. fire control^ 

3. automatic flight contjol 

4. radar antenna stabiXiz^ktion 
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2*71 . The altitude encoding unit (AEU) has a 
digital output which is supplied to the 

1. IFF - 

2. AFCS 

3. CADC 

A. SPC ' . ^ 

2-72. Refer to figure 4-4. What is the purpose 
of the digitizer in. the altitude encoder 
unit? 

' 1. It converts analog to digital 

2. It converts digital to analog 

3. It reverts altimeters to Ps pneumatic 
inputs if AEU fails 

4. It turns the receiver/transmitter 
coder off if AEU f^ils - 



2*73. Which of the following statements is cor- 
rect concerning the pressure 4nput to the 
LPC? 

1. The. pressure input is Pal while the 
' SPC is operating - 

2. The pressure input is Psi if the SPC 
fails ^ 

3. The pressure input is supplied by the 
altitude hold diaphragm 

4.. There is no pressure input if the SPC 
fails or is turned off *^ ^ 
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Assignment .3 



Air Data Computer Systems; Attltude/fteadlgg Reference Bombing Computer Systems * 



Text: Pages 75 - 121 



Learning Objective: Recognize func- 
tions and principles of operation of 
the Tt and TAS servo assembly*' Mach 
sector assembly^ and the computer 
gearbox modules. 



0 Items 3-1 through 3-3 pertain to the total 
temperature (Tt) and true airspeed (TAS) 
servo assembly module. 

3-1. Total temperature as sensed by the total 
temperature sensor Is the sum of £unblent 
temperature and the temperature produced 

. .. ■ by 

1. deceleration' of the air flowing Into 
the probe ' 

2. expansion of the air flowing Into the . 
-probe ' -J ■ 

3. acceleration of the air flowing into, 
the probe 

4. aircraft skin frictioj;i with the air 

0 Refer to figtire 4-12 in answering items* 
3-2 and 3-3. . 

3-2. The two reference signals applied to the 
TAS bridge are 

,1. Mach and absolute, t^m{>e^ature 
2. Ps/Pt and ambieilt* temj>eratura 
, , 3. Mach and total ji^iBper^tu1:,^^ V, 
4. Ps and total ^j^^^^g^tu^*^/; '^^^^^^^^ 

3 -3 . Th e c ompo nen t wh ic\t ' vide s ; ^the - TAS s er vo - 
amplifier with an in^ut vhlch is determined 
by the position of the TAS output sKaft is 

1. R29 \ _ 

2. R30 

3. R31 

4. R60A 



3-4. As indicated In table- the purpose of 
potentiometers R32 an4 R36 In the Mach 
sector as6embJ.y^t1ibdul^ i^^to 

1 . furnish' Mach >inf otma tlon to the TAS 
bridge and anplifier' ' 

2. supply Mach tiorre^tlon Information for 
ultimate -use in the S?c ' 

3 . Supply , Mach cpiaPection Inf ormation to 
the angle-o^-aktac 

4. supply Maph Infot^tioa to the true 
airspeed sep^osiqpXif ier 

0 Items 3-S"and 3i-6' pertairi. to the computer 
gearfapx module. ' ' ? 

3-5. The computer gearbox performs mechanical 
computation^ in response to PRT and LPC 
inputs o£^ ■ : ' 

1. Ps/Pt^ Ps; and LnPs 

2. PSi^t/^Ps, and'Ln(Qc/Ps) 

.3. Mach, LnPs'/ and ifiXnPs .' v 
4. , M^ch/ AtnPs^, and LnQc shaffs .* ' 



3-6. 



The output Of resistor R-21 In the potent J. 
ometer assemhly is an electrical signal \ . 
proportional' to. " ^ 

.1.^' Ps ' 

2. Ps/Pt - ' . 

3. LnPs 

4. LnPs/Pt . ^ ' : ; . 



3-7. What function does synchro transmitter B3 - 
petf orpi?, , ^ 

1. - It .supplies the AFCS with Mach-hold 

■ information when L8 is deenergized 

2. > It holds the^aircraft at the altitude . 
. / * selected by the AFCS /jv, 

3. It: supplies the iVFCS with Mach signals 
■ which correspond to deviations from 

the AFC§ Mach-hold engage reference 
' 4. It positions the Mach indicator to 0.9 

;. . Math 



Refer to figure 4-13 in answering items 3-4, 
through 3-7 . ^ 



Lttarnlng ObJ«ctlvat Recognise as- 
pects of ADC systaa malntemnce, 
iQcludlng maintenance limitations 
and porformance testing. 



3-8. Which of the following test sets supplies 
pltot and static pressure Inputs for 
testing air data conputiars? 

1. rrU-205 B/E 

2. SM-355/ASM-62 

3. TS-2357/ASM-269A 

4. TTU-229/E 

3-9* Generally, the proper order In which the 
conputer function tests should be per- 
formed la 

1. pneumatic leak tea^, static pressure 
compensator check, and potenti- 
i>: oneter and a'wltch checks 

2* static pressure conpensa tor check, 
pneumatic leak teat, and potenti- 
< ometer and switch checks 

3. pneumatic leak test, potentiometer 
and switch cliecks, and static pressure 
compensator check 

4. potentiometer and switch checks, static 
pressure compensator check, and 
pneumatic lea^ test 



Learning Objective: Point out fea- 
tures of the AN/AJB-7 reference 
bombing system axvl the functions 
of its components, including modes 
of operation and bcmblng procedures ^ 

3-10. An attitude reference bombing computer 
system is composed of 

1. a low altitude bombing system only 

2. a display, radar lock-on, and bomb 
release system 

. 3. ap all-attitiide display system only 
4. . a low alt;itude bombing system and an 
all'^^attitude indicating or display 
system 

'3-11. The all-attitude display indicator indi-\ 
y cates to the pilot any pitch, roll, ot 
\ azimuth movement of the Aircraft through 
y- V a maximum of 
■^^^ 1. 90* 
2. 180* 
I, (;3. 270* 
. \^ : :*^4, 360* 



\ 

ugh B- 



In items .3-12 through J-14, select from column B 
the equipment that ^pblles each reference 
Information listed in/column A. 



A. Reference 
Information 

3-12. Azimuth 

3-13. Rate-of-turn 

3-14. Pitch and 
roll (PRIM) 



B. Equipment / 

1. *" Flux valve 

2. Vertical gyro 

3. Geocentric 
vertical flight 
referei;ice set 

4. Rate ,iyro 
transmitter 



In items 3-15 through 3-17, select from column B 
a feature of each of the bombing modes listed 
in column A. 



3-15. 



A. Bombing Modes 
Loft , 



3-16. Timed over-the- 
shoulder. 

3-17. Instantaneous 

over-the-shoulder 



B. Features 

1. Bomb releases as 
soon as the pickle 
button is de- 
pressed 

2. Uses a low«angle 
release 

„3. Uses a hlgh*angle 
release and an ^ 
identification 
point 

4. Has no tlmed^ 

-^interval or iden- 
tification point 



3-18. A voltage proportional to an acceleration 
perpendicular to the longitudinal axis 
of the aircraft is supplied to the flight 
director bombing computer by ah 

1. attitude reference group 

2. accelerometer 

3. amplifier power supply 

4. indicator power supply 

3-19. Refer to figures 5-1 and 5-2. During a 
loft bombing run, the sphere of the 
attitude indicator 1? predominantly white. 
Indicating that the*aircraft is in a 

1. JTOll- 

2. * sharp turn 

3. steep cl!lmb • 

4 . 8 te^p d ive • 



\ 
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3-20. An aircraft Is flying with the AN/AJHW • 
« In the slaved mode. The Inherent coi9 
pass* transmitter Inaccuracies are 
counterbalanced by . * ^ 

1. 24 capacitors In the attitude refex;- 
ence group. 

2. 24 potentiometers In the compass 
adapter-compensator JL.? ^ ^ 

3. 24 potentiometers Iflil^e compass 
system controll<|r 

4. 24 capacitors In the heading refer- 
ence group 

3-21. Which of the following components In the 
AN/AJB-7, systefii provides the emergency 
source of azimuth Information In the 
. compass mode? . ^ • 
1, Vertical gyro ' " 

1^ Flux valve s, 

3, Displacement gyrd 

4. Directional gyro 

3-22. The remote attitude and standby. attitude 
Indicators differ from the attitude 
Indicator In that the attlibude Indicator 
displays pitch, roll, and azimuth while 
the remote attitude and standby attitude 
Indicators display * 
1. pitch and roll 

roll only ^ 

3, azlmutl\, and roll ; ■/ 

4. pitch only * - 

3-23. The unit that minimizes vertical, gyro 
errors and azlmuch slaving errors when 
the aircraft rate-of-turn Is greater than 
15* per minute Is tfie 

1. compass transmitter . * 

2. switching rate, gyroscope 

3. tate gyroscope transmitter 

4. displacement gyroscope assembly 

3-24. The gyroscope gimbals should NOT be dper- 
ated In FAST ERECT longer than one minute 
because the 

1, vertical flight reference set may be 



In items 3-25 through 3-27, select % 
the equipment that supplies the ,sl| 
of the modes listed In column A* 



A. Modes 

3-25. Compass 

3-26. Directional 
gyro 

3-27, Slaved 




B* ' Equipment 



1. , Both direc^onai' • 

gyro and 'flux valve 
• « 

2. Flux valve only 

3 . D*r ec t lonal gyro \ { 

4. Both leveling 
toi;quer and flux 
valve * ' 



damaged 

2. attitude Indicator cannot respond 
longer to such a rapid change In 
displacement 

3. displacement gyroscope leveling 
torquers may be damaged 

4. displacement gyroscope gimbals may 
freeze 



Learning Objective: . Recognize oper- . 
at lonal theory ot the AN/AJB-7, 
particularly of the dlsplacetaent 
.gyroscope assembly and the units that 
are affected by It. 



3-28. The displacement gyroscopie assembly is- 
composed of all of the following compor 
nents EXCEPT 

1. plckoffs and gyro torquers ^ 

2. Interacting gimbals and servo loops' 

3. a directional and a vertical gyroscope 

» V* 4. le-^-ellng amplifiers . ; 

.f ■ ■ V 

3-29. What prfev^nts the vertical gyro glmbal ' 
from spinning about t^\e, pltcfi axis In 
glmbal lock? ' . > 

- 1. Electrical stops for the Inner roll 
glmbal , . : \ ' 

2. Electrical stops for the outer £0^^. 
glmbal . ' f\ 

3. Mechanical stops for the Inner .roll 
glmbal * ♦ " ^ 

4. .Mechanical .stops for the oui^r roll 

glmbal 



351 

19 • 



'the 8t>ln axls'of the vertical gyro 
has reached gravlty7Vertlcal, any devi- 
ation from this position will' be corrected 
by " : . - 

the. caging circult.'^hljch/tnalntalns the 



gyro at gravlty-yjg^c 

2. electrolytic svltcr 
torquers which' ret 
'to gravlty-vertlca' 

3. the directional" gxjfp 
loop- which erectiR|^^ 

4* photocells that 
modulator which, dr 




,at_actlvate 
gyro back 

Ing servo 
axis 

e^lev^llng 
feh^. torquers 



tb return the gyro bS»^%€5^ gravity- 
vertical ' ^^^i^/v* ■ 



Which; of the folloi^fig stflj-^i^riir^ cor-, 
rectly describes; tjhe J output^i^if^l^ level- 
ing modulator Wiiti^ife gy^o^ll^S^^^glng once 
the photocellsYj^ceive equ^ amounts of 

light? ' % - . 

1. The 8malli*t>ut]aftife^ and 
*used to *drl^^Plidf j^yro.^pln mdtor 
The l&rge ouj^piiKbTi^ am)p3^fled and. 
used'^tp df^iyc the gyro^i^ln motor 
The agtalI^^>pu,t*.i^^used»'^4:o drive the 
leveiditig '^oriiuefs 
Ther^^^lft no ^utput 



2. 



3. 



4. 



In an IndicaffOr roll servo loop, the roll 
attitude Teiebence signal Is obtained 
^rom tfhe 

!• Inner glmbal control transformer 
1\ displacement, gyro outeir roll gimbal 

control transmitter 
3. 'outer roll gimbal control amplifier 
4*. xniter roll potentiometer on the 

Inner roll gimbal 

When a pilot must assume a positive angle 
of attack for a constant cruise altitude, 
he will adjust the 

1. pitch trim controlfor 90* pitch 
' Indication on the sphere of the 
• attitude Indicator 
2^. roll potentiometer for 90* roll 
-i? >iiidlcatlon on the sphere of the 
I^tude Indicator 



3. tftp^J trim control for zero pitch 
IhcUcatlon on the sphere of the 

"attitude Indlcafor^ 

4. roll »pb tent lometer for ^ero roll 
^Indlc^t^^on on the sphere of the ^ 

^ attltij^ Indicator 

When a pitch trim setting. has been mad% 
and the aircraft goes Into a dive, the 
effects of the trim setting, are removed 
from the attitude Indicator by action of 
the pitch 

1. control dhinsmltter, „ 

2. trim fade circuit 

3. control transformer 

4. motor gen'erator 



»3-35« In the DG mode of operation, what Infor- 
mation Is displayed on the attitude 
indicitor sphere? . 

1. Azimuth ' %■ . 

2. ^Roll only . ' 

3. Pitch only 

4. Roll an4 pitch ^ 

3-3 6/ Real drift In the directional gyro Is 
I Compensated for by adjusting the 
' 1. LAT contrcgj-^v 

2. ' N-s"s\fitch* ^ ' ^ ^ 

. . 3. BIAS';%G/m i^^^ 
''V ; 4. compa^:i^Hfi5it%|ljJ^^ 

3-3 7. The purpose of the AGC clrcAlt during 
the slave mode of operation Is to 

1. reduce the. Input frequency of 800 Hz 
to a phase- senjsltive signal of 4iOO Hz 

2. compensate for' a phase dlfferen&e of 
90® In the compass control transformer 

*^ p. 3. compensate for real and apparent 
drift - , „ 

4*; provide a relatively constant overall. 

sensitivity to changing magnetic 
' ^ intensity levels . 

3.-38. While the speed decreaser Is energized,. ^ 
causing a gear ratio of 12 to 1, the . 
a;clmuth slewing speed and direction are 
dependent upon the 

1. speed and direction the flux valve 
Is rotating from magnetic north 

2. distance and direction the SET HDG 
knob Is turned from center 

3. direction and distance the SYNC 
knob Is turned from center 

4. synctironlzatlon speed aiid direction 
of the directional gyro 



Learning Objective* Recognize oper- 
ating princ lilies the reference 
bQm})lng system, iffcludlng display 
Indications during pref light and 
bombing runs. v 



0 In Items 3-39 through 3-4p, assume that 
"the switches on y^e bomb control panel 
are positioned to LABS, READY 'and LOFT. 
* . ? 

3-39. During a prefllght of the LABS system, 
you depress the pickle button and find 
the flight director pointers are properly 
centered on the attitude Indicator but 
there Is no l200»Hz tone In your headset. 
Which of the following may be malfunc- 
tioning? 

1. Attitude indicator 
2/ 'Flight director bomb computer 
i . 3. Interval timer . . .t 

4. Pickle switch 



3-40. What g signal must be maintained to keep 
the horizontal flight director pointer 
centered on the attitude Indicator until 
Inverted. flight Is reached? 
1. 6^g 
v ., 2.; 2 g 
' 3. 8 g 
4. 4 g 

3-41. The vertical flight director jiolnter irtf 
• ^ controlled by the 

1. glmbal action In the' displacement - 
gyroscope assembly 

2. flux valves located In the tip pf 
■ , \ each wing V 

" . 3. ' g programer j^nmedlately after pullup 
4. release angle computer servo loop 



3-46. 



Kk .3-4 7. 

3-42. In ^he displacement gyroscope, the Inner 

/ roll glmbal^ will sense pure yaw and the 

a£lmuth glmbal will sense pu^re'roll 

Whenever the alrcra£.t reaches an angle bf 

a. 45" roll 

2. 45* pitch « r . 

3. 90** roll ' ' ' : 

4. 90** pitch ^ ' ' ' 

3r43, Refer tip. figure 5-11, When the aircraft 
,1s at 90*' !jj>ltch, what are the Inputs to 
;the roil stator on the yaw-roll resolver? 
' Minimum roll signal and maximum 3-48. 

.azimuth signal * . 

2. Maximum roll signal and mlnlmimi 
^ azimuth signal 

3 . Maximum pitch signal and minimum , 
roll signal ' v 

4. Minimum .pitch signal and maximum 
roll signal 

3-49. 

3-44. The roll and azimuth error signals are 

mixed together and ajpplled to the verti- 
cal director pointer as one high sensl- 
'tlvlty error signal because 

1. the^ttltude Indicator has only V^o 
pointers » and the vertical Indicator 
Is used for yaw errors 

2. the autopilot responds only to a 

dpmblned signal , 3-50. 

-"Sf i- the pitch error signal Is always^ less 
than the combined signals, and gives 
a release signal more quickly 
4. both error signals can be corrected ^ 
by the same type maneuver of the air- 
craft 



-At- 



During pullup In a loft maneuver, the 
automatic bomb release may be deactivated 
at any time by 

1, relea«Llng the pickle button only 

2, * yawing the aircraft more than 30* only 

3, maintaining the flight director 
pointers at zero 

4, yawing the aircraft: more than 30* or 
releasing the pickle button 



Learning Objective: Relative to the 
AN/ASN-70 vertical flight reference 
.^sety Indicate Its composition, pur- 
ple, operating <princlples, and 
ma&tenance considerations. 



""tfrue heading used by the flight director - 
computer is converted frbm magnetic 
iieadlng within the 

1. ' amplifier computer ' ' 

2. control amplifier 

3 . . programmer * ' 

4. heading synchro 

The vertical flight reference set is # 
composed o( ' J ' 

1. a vertical flight reference sensor * ^' 
only ' 

2. a vertical flight reference computer 
only . ^ 

3. a vertical flight displacement gyro- ^ 
scope and a vertical f light*' refer- 

\ ence sensor 

4. a vertical flight reference computer 
^and a vertical flight reference 
sensor. 

The vertical flight 'reference set is 
designed to 'compute . ^ 
1. JEHghtpath angle and vertical velocity 
vertical acceleration and coordinate 
•position 

true airspeed and rate of turn 
roll and pitch 



2, 

3. 
4. 



Longitudinal accelerations oc^ur as the 
aircraft airspeed changes. A change in 
which of the following will NOT result in 
airspeed changes?, ^ 

1. Pitch attitude 

2. Englne/power setting 

3. Circuit calibration * 
^4, Flight configuration . '^^P. 

If longitudinal accelerations of an air- 
craft Increase, the vertical sensor of 
the reference set wlll^ be maintained 
vertical by the *" 

1. acceleration of the pendulum in 
swinging backward 

2. acceleration of the pendulum in 
swinging forward - 

3. spin motor accelerating propottioparlly 
to the acceleration ^^^^ 

4. spin motor decelerating proportloiu|lly 
to* the acceleration 
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3-Sl« If* an aircraft's turn raie If^cjl 

, while Itis airafeed decT^^ses^ vS)|t:^ll 
be cAf'effect, If any, ori the angular 
eitum of the spin mdtor? 
It will 'decrease 
It will Increase 
It will remain the same 
It will alternately Incre^e an(l 
decrease ^'.f'. ^ 




1. 
4. 



3-52.. The speed of the pendulunPspln motor Is 
controlled by the output of the airspeed 
. pdtefvtloveter In the alt> data computer', ^ , 
an^ Irpln m6t;Dr speed accuracy Is maln- 
^alrifed by a >feedbacflc signal from a ^ 
J 1. •servo amplifier ^ 

2. spin motor speed plckoff 

3. ^ pendulum" rotor ' . 

4^ sp^ed control^ calibration adjustment 
resistor V 

3-53 • The two erection systems utilized in the 
.vertical gyro are the, 

1. Initial and pendulum systems 

2. electrolytic and pendulum systems » 

3. precise and Initial systems 

4. electrolytic and precise systems 
a ' 

Refer to figure 5-16 In answering Items 
3-54 through 3-56, 

3-54, The primary of roll pendulum plckoff A201 
Is excited by 

1. phase A-90* and phase A 

2. phase A-90* only ' 

3. phase A only 

4. the pendulum pitch torquer 



3-55. Earth profile errors are ; corrected in the 
vertical gyro by signals representing 

1. ^ phase A .and phase A-'90'* signals 

2. phase A-90* Signals only. ^ 

3. pendulum plckoff signals 

4. resolved airspeed 

3-56 /By phasing chopper A16Q3 to the pitch 
erection channel reference signal, the 
vertical gyro pitch flpLmbal Is driven In 
the amount and direction necess^y for 
correction of the 

1. magnetic variations In* the earth field 

2. manufactured Inaccuracies inherent in 
the gyro 

3. speed at which the aircraft follow^! 
the earth's curvature ' 

4. gravitational effects on .the aircraft 



'3-57, The fllghtpath ang^e of the aircraft Is 
cpmputed by ^ . 

1. ^compdririg the ye>^tlcal velocity to the 
^Irsp^ed ^lon^ thfe^eloclty vector 

A 2. comparing the .ou^e^ ;roll glmbal to 
thfe vertical gyrV pitch glmbal 

3. adding the pitch output signals to ■ ' 
. . the velocity 'vectipr ^ Z • 

4'. subtracting^^tJrie, pitch ^tput signals 

* from the velj^c^lty veetor • 

^ Refer to figure^ 5-18 In answering Items 

• '3-58 and 3-59, V ' . ^ 

3-58* The putpGt signal ori the'^lne ;potentl- 
" ometer'ls which of the following? * « 
0 ♦ 1. An ac signal ^ « V. 

2. A dc signal . 

g 3. A pulsating dc -'signal, 

4. A rectified dc signal 

3-59. How Is a signal developed to corrfect the ^ 
vertical, velocity output of summing 
amplifier A10A3? 

1. The sine pot;entlometer Is rotated 
through an angle of j?^* ' ^ 

2. The sine potentlomet;er is rotated 
- ^ -V through an angle of 45* 

3 . Computed altitude Is compared with 
barometric altitude ' w*^' 

4. Computed altitude Is added to baro- 
metric altitude 

3-60. If the vertical flight reference set falls 
the BIT check, all of, the following must be 
removed for repair and calibration EXCEPT 

the ' ■ . "--^ .^^ ..^...t,^ ' 

1. reference set , ' - 

2 . sensor ' ■ J ' ■ [ 

3 . spin motor 

4. computer y 



In answerlttg Items 3^61 through 3-63, select from 
column B the function of each of the circuits 



listed In column A; 
A. Circuits 

3-61. Start cycle 
relay 
circuits 

3-^2 . Pendulum 
erection 
circuits : 



B. Functions 

1. Initially erects Che 
. " gyro to a s.pln axis 

vertical position 

2. Assumes erection control 
60 seconds after power 
application 



3-63. Electrolytic 
erection 
circuits 



3 . Controls power t>o the 
vjurtlcal gyro and the 
ro erection circuits 



4.. 



Delays erection control 
for 45 seconds after 
power application * 



: Assignment 4 

Inertlal Navigation;. Automatic Fllfeht Control System 
Text: 'pages 122 - 160 ^ /r' 



A," 



4-1. 



4-2 i 



4-3, 



4-4. 



A 



/ 



teaming Objective: Recognize ^; 
fundamentals fbf navigation* and 
of the Inertlal navigator* In * 
>lngl^'- and two-axls/detectlon* 
and, lndlcatS%k the mathematics > 
Involved and delated terminology • 



■ 0. * 



course 4 and 



— — ^ — — . \df . . : ■■ Vr'"'^' ■ . 

The two basic categories Into whith nav!^ga- 

tlonal methods can be divided are ' 

1. cimpa|r^'lind dead reckoning 

2i cexei^lal and position fixing t 

3. position flxlng^ and dead reckoning 

4. cep.es tial and Inert ilal V 

Dead : reckoning. Is the procesd whereby . ' 
position Is ca^ctila.ted from known data of 

1. previous position, , course, s^eed. 
and elap^sed -time 

2 . previous ^ pos it Ion , 
.^elapsed t lime o 

3 it course, speed, an4 elapsed time' 

4. previous posltibn, course and speed 

The Inertlal navigator Is a unique navlgat-r^ 
Ing system In that 

' 1. prodxices Its own electflcal^ower '-x 

2. ' relies on information external. to the 

vehicle 

3. is "indepei^dent of wind or vehicle ^atti- 
tude 

4. beams a laser signal to navigational 
satellljtes . • . <. 

Where can;^ true Inertlal system ^xlst? 

1. Tn any space beyond the influence of 
the earth's gravity 

2. In any spaCje where there Is no atmos- 
phere f 

3. In^empty space beyond the Influence of j 
all gravity forces = 

4v In any n^onrotatlng empty spacf 



4-^5. Newton* 8 second law* of mol^lpn states that ' 
a bo4y at rest or in uniform motion 
, M^ll rwDaln at* rest or In uiiiform ' 

notion uitiiess some externfil force is 
applied ; to it , ; 
'y-*" 2. to every action for(?ie there is an equal . 
^ and opposite^ reaction f prpe * ' 4- 

3. acceleration 1# proportional to the' / 

> . . ' resui'bant fores' and Is In the same V' 
' direction a^. thla force ^ 

4. any tWo ' bodies attract each othiei: with ^ : 
a force proportional to the product of , ' 
their masses and Inversely propQrtion&l ^ 
to the square of the* distance between 
them 

* ; , ■ . ' . . 

^4-6. The term Velocity means a given' speed In a. ^ 

gl'Q^en direction, and In order for t a vehicles ^ 
to change either Its speed or its direction 
of trjSvelMt must experience ^ ;' 

1, acceleration. ' , . 

■ 2. drag . ' ' ' 

. ^ .3. inertia • - " • "/ 

4... devliatlbn ' : ' : 

4-7. The mathematical process by which accelera<> . 
tlon is derived from changes.'' in motion Is - 
called, ' ■ \ 

1, integration .1?^ ' 

. 2. segregation 
. 3, summation v 
4. differentiation " 

4-8. Essentially, what type of device is the 

inertia^, navigator?, ' * 

1. Integ^rating only #. . ^ ~ • 

2. Differentiating and integrating . ^ 
3 • . De tec tl^ng and , (ii^i|eren t ia^ ing 

4. Detecting and inte^^tiilg ; ; . * 

4-9. If , the integral of acceij^ratlon with ' \ 

restiect to time is velo<Jlftjr,\and the > 
integral of velocity witli%espect t6 time 
is displacement, what is, t)^ double inte- 
gral qf acceleration with rli^spect to tlme7v 
-1. Acceleration ' . v . 
\ 2. Displacement ° '^-^ • * 

3. Velocity / . ' 

4. Position ' "^T . ^ 
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4-10. 



4-11. 



4-12. 



4-13; 



4-14. 



4-15. 



Tha aathcmatlcal process of sunming all 4-16. 

minute valuas of a variable funcdtoir over 

a given tine Ir called ° . \ 

1.^ ^. integration ' . 

2i- displacement 

3. -^^acceleratloi^ :.\ : 

^. differentiation ^ ^ 

An inertia! navigating device that has 

only a single-axis acceleration detector 4-17. 

can detect 

1. ^ accelerations along a "Straight line ^ r . 
parallel to the sensitive axis of the 

, detector / . . 

*\2. velocity along a'straigbt line par al- 
1^1 to zMb s.ensit^ve axis of the ' ' 
detector . • ■ ' ■ . ^ ' if> ■ ,. • 

3. accelerations along a straight line' ' 4-18. 
perpendicular to the sensitive ax^s o.f 

the detector 

4. velocity ilong a straight line perpen- 

dicula^r -to the sensitive axis of the 
detector 

When an object is undergoing a change in 
velocity, either positive or negative, the 
object is experiencing ' - 

1. acceleration j 

2. integration r* 
3«. displacement . * " 

' 4. constancy ^ ■ ■ . ^. 

Correlate figures 6-1 and 6-2 in answering 

items 4-13 and ;4- 14. - ' r>' y , - [ 

■ * ■ ■ ". 

' ■ .■ r* 
The first integrator (velocity) ceases to 
produce an output whenevet 4rl9 , 

!• . the net sum of det^ct^d accelerations 

li; zero • o- 
2. acceleration is zero ^ ^ ' 

3.. rate of displacement is constant 
4. a change in acceleration occurs • ^ 

When the first and second integrators 
cease to produce outputs.^ the readpiit 
device^ should indicate that Ihe vehicle is 

1. at or passing through the point pf , 4-20. 
origin 

2. cxpiBriencing acceXeration 

3. experiencing diisplaceqient ^ 
k*^ at rest • 

■ • . ^ ,^ -■ ' ■ ■ ■ " • . ' . ■ ■ 

Refer to figure 6-4 in answering items" 
4-15 throuai; 4-17. *i 



ov^ 4-1 

In order' f<|r 'the two^^^ inirtial^riaVlga- 
tion' syst^etf k track of the yehicle^s 
P?^'^^?;?]^^^® pJWfe, orientatiofi of the 
wrf acpejqjs be such, that' their 

^es are; inftintalne^ mutually ^ 
•lR;.'p8fr4aa#.,^^^ ' \ ' > ■ 



If the vehicle I9. traveling along the 
^-axls while experiencing a 2-g accelera- 
tion^ whar. values of acceleration will the ^ 
X a£d*,y AcelerQmcters' detect? / 

1. 0 and 2 g, respectively 

2. 1 ,g and 2 g, respectively * 
3* and 0, respectively 

4. 2 g and 1 g, rest>ectively 

If the Vehicle is making a bum while 
moving at constant speed, liwhat accelera- 
tion is detected by. the, acceleroaeters?' • 
1. Centrifugal acceleration . 
2.. Radial acceleration ^ ' 

3. Constant acceleraticm . 

4. Zero acceleration < . ^ , y 

In detecting the acceleration of a bbdy^ 
-What does an accelerojlhteter^ctually detect? 
1. Velocity due to a change in speed 

l^elocity due to a change in direction 
The portion of acceleration that 
octura along its se'nsitjve ai^s 
The component of the forces causing 
the velocity changes 

. - '. " ' r 

Learning Objective: Identify opera- 
tional principles. 6^ the basic compo^ 
nent^-that- compr^Lse an itiififftlal. navl- 
gatd^bn system^ including accelero- < • . 
metets, gyroscopes,, integrators, and 
the stable platform. ^ 



The gyros in the stable element are used 
for whdt purpose? 

1. To dete^jct vehicular accelerations 

To integrate detected vehicular accel.- 
erations ^ 
To provide stabilization signals for 
the stabilized platform \ ^ 

To provide directional signals to the' 
"\iavlgation system / 



2. 
3. 

4. 



2. 



3. 



Which of the f ollowing^rovides primary 
data for the inertial navigation system^ ' 
1- Analog computer ^ 

3. Schuler pendulum 

4. Accelerometer V 

riow many accelerom^ters are t^^ilred in ' 
detecting the total acceleratto^Pexperlenced 
by a vehicle? ^ ^ 

?-* One 

'2.,-: Two • 

3. Three. 

4. ^our * . . ' V 
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A-22. Refer to figure 6-6." Which of the follow- A-28. 
♦ Ing statements Is NOT correct concerning 
the output signal of'' the accelerometer? 

1. It Is proportional to jrfie pendulusf 
: restraining torque ' 

2. It Is proportional to the measured 
acceleration 

3. It Is taken from ^he output <ift a high- 
gain amplifier ' 

4. It Includes acceleration due to grav- 
ity 

A-23. A device which processes acceleration slg- A-29. 
nals to produce velocity Information and 
then processes the velocity Information to 
obtain distance .traveled Is called a/an * 

1 . accelerometer 

2. integrator . ^ 

3. potentiometer 
A. tachometer 

How many Integrators are required In pro- *' 
duclng an output corresponding to distance ^ 
(displacement) If the Input Is accelera- 
"tlon? 

1. One 

2. Two 

• 3. Three 
A. Five 

4-25. How Is gravitational effect eliminated 

from the vertical accelerometer ' s output A-30. 
signal? 

1. It Is biased from the accelerometer * s 
output within the Integrator 

2. It Is compensated for In the manufac- 
turer's design of the vertical accel- 
erometer 

3. It Is subtracted from the accelero- A-31. 
meter's output by the computer 

A. It Is 'counterbalanced by spring ten- 
sion on the mass 

A-26. The stable element In the Inertlal naviga- 
tion system Is stabilized by 

1. one three-degree-of -freedom gyroscope 

2. two two-degree-of-f reedom gyroscopes 

3. three one-de^ree-of-freedom gyroscopes A-32. 
A. three two-degree-of-f reedom gyroscopes 

A-27. Any displacement of the stable element 
from Its frame of reference Is detected 
by the 

1. Integrators 

2. gyroscope leveling torquers 

3. ' gyroscope plckoffs 
A. differentiators 



Aircraft heading and attitude Information 
f Is derived as the 

1. angular relationship of the jflatform 
gimbals i * 

2. angular relationship of the gyroscope " 
gimbals 

3. relative magnitudes of the three atti- 
tude plckoff signals from the gyro- 
scopes 

A. relative magnitude of the synchro 
transmitter and receiver signals 

What gyroscopic principle Is used In main- 
taining t^e stable platfom. horizontal to 
the earth? 
1. Spin 

2,. Nutation . 

3. Precession" ^ 

A. Rigidity . 



Learning Objective: Identify 
the principles and application of 
p^dulotis-mass acc^lerometers* the 
Schuler principle as applied In 
maintaining- platform orientation, 
and the role of the gytoscope In 
maintaining platform stability. * 



A pendulu^ Is defined as any pivoted mass 
that Is 

1. Irregular in shape 

2. perfectly balanced 

3. Imperfectly bala|iced 

A. free to rotate ^In a circle 

The simple pendultnn shown In figure 6-15 
lllustvates that for equally -applied , 
forces 9 the resultant angular motion will 
be less when the string is 

1. shorter 

2. longer 

3. tighter 
A. knotted 

Consider a hypothetical simple pendulum 
that has Its mass suspended at the center 
of the earth. What angular motion , If 
any, with respect to the local gravity 
vector will the pendulum experience If the 
suspension point Is accelerated horizon- 
tally with the earth's surface? 

1. Lagging slightly 

2. Leading slightly 

3. None 

A. Circular 
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4-33. If a' pendulum could be constructed to have 
a jifrlod of oscillation of approximately 
84 «4 minutes » what would Its length have 
4 to be? ' , 

1. 3,440 Inches^ ' 

2. 3,440 feet'^ 

3. . 3,440 yarda JJ 

. Ik 3,440 miles' ^ \ ^ 

. 4-34. Figure 6^716 (Q) Illustrates a mass 'pl^otred 
at Its center of gravity. Thl^ Is a^ 
example of a pl>^oted maaa« that Is not^ a 
pendulum because ^, 
; t'* . 1, It'a angular motion Is Infinite ^ 

2. It Is offbalanced and Its oscillation 
is infinite - 

3. it is perfectly balanced and its 
length is 3,440 feet 

4. it is perfectly balanced and its 
length and period^ of oscillation are 
infinite 

4-35. A limiting factor in constructing a 

•".;Schuler type pendulxim operated entirely 
by mechanical means is the fact that 

1. the earth *,s radius varies in length 
betve<^n the equator atld the poles 

2. the earth's radius is not exactly 
\ known 

3. constructing a pectdulum that has a 
period of 84.4 minutes is extremely 

' ' difficult 

4. altitude changes have an effect on the 
period of a pendulum ^ 

4-36. ^ The. frame of reference in which th| iner- 
tial navigation system operates is a 

1. rotating frame which" is horizontally 
aligned in a plane paraUel to the 
surface of the earth, and is oriented 
to magnetic north 

2. rotating frame which Vertically 
aligned in a plane perpendicular to 
the surface of the earth, and is 
oriented to magnetic north 

3. rotating frame whidh is horizontally 
aligned in a plane parallel to the . r, 
surface of the earth, and is oriented 
to true north 

4. ponrotating frame which is horizon- 
tally aligned in a plane perpendicular 
to the surface of the earth, and is 

* oriented to true north 

4-37. Refer to figure 6-10. The accelerometers 
which supply the torquing signals to the 
r gyros for leveling the stable element are 

1. X and Z only 

2. Y and Z only 

3. X, Y, apd Z 

4. X and Y only 



4-38 « It is necesairy that the accelerometer^ be 
maintained j^n a. truly hprizontal reference 
plane, f or %11 the following reasons EXCEPT^ 

1. the accelerometera cannot} distinguish 
between horizontal acceleration and 

' gravitational acceleration 

2. ' the integrators would^ 4^velofNyelocity 

and distance errors if the plat)S^rm< 
trere not level , 

3. positjjgft errors would develop if Jthe 
^ platforR were not levil 

A. the accelerometer outputs must always 

be zero • 

^ ■ ■ . 't . 

4^9. During operation, at what times must . the 
. :«^table platform t>e maintained in its ver* 
tical reference frame? ^ 
1. S/bly when the aircraft is in motion 
/ 2. TfTalX times, whether the aircraft is 

moAfihg over the earth's surface or is 
. stationary 

3. Onl^when the aircraft is stationary in 
^ . respect to the earth's surface 

4. At all times, ^except at the equator 
when flying east or west 

4-40. Which of the following statements concem* 
ing centripetal corrections is •co];;rect? 

1. They are always necessary on any course 
that does not exactly coincide with the 
earth's coordinate great circle routes 

2. They are similar to Coriolis corred- 
tibns in their relationship to the,' 
earth 

3. If the earth were stationary, centri- 
petal corrections would not be needed 

4. They are necessary only when the course 
is due north-south or directly along 
the ecftiator r> 

4-41. In what dir«(?tion will centripetal correJ-^ 
tion be necessary for the stable elemend^ 
in two aircraft, A and bJ if A is flying 
east and B is flying west in the northern 
hemisphere? , . 

1. North fdf A and south for B 

2. Sourfi for A and north for B 
. 3^ South for both A and B 

4. North for febth A and B 

4-42. Coriolis corrections are necessary in iner- 
tlal navigation Bystems because 
r. of the earth's motion ►in orbit around 
the sun 

2. th6 earth is a rotating reference for 

the system 
3'. the -earth Is not a perfect sphere 
4. gravity is not uniform over the earths 
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4-43, In what manner are centripetal and Corlo** 
lis corrections combined on east and west 
headings In the northern hemisphere? 
lo Summed on west heading; the difference 
of the two on east heading 

2. Summed on east heading; the difference 
of the two on west heading 

3. Summed on both headings 

4. The difference on both headings 

4-44. What accelerometer and gyro combinations 
make up the north and east Schuler loops » 
.^j* respectively? 

1. VertlcliX accelerometer and north gyro; 
vertical accelerometer and east gyro 

2. North accelerometer and north gyro; 
east accelerometer and east gyro 

^. North accelerometer and east gyro; 

east accelerometer and north gyro 

4. ^East accelerometer and north gyro; 

north accelerometer and east gyro 



Learning Objective: Recognize 
elements of Inertlal navigation 
system alignment and the basic 
forms of alignment. 



4-45. If tl|e Integration processes In the Iner- 
tlal navigation system are to be meaning- 
ful, there first must be Initial condi- 
tions set Into the system. Wliat are they? 

1. Initial velocity and position of the 
vehicle 

2. Initial speed and position of the 
vehicle 

3. Initial course and position of the 
vehicle ^ 

4. Initial course and velocity of the 
vehicle 

4-46. What are three basic forms of external 

referehcfiiB used In aligning the Inertlal 
tiavlgatlon system? 

1. Terrestrial, celestial, and Inertlal 

2. Spherical, celestial, and Inertlal 

3. Terrestrial, spherical, and Inertlal 

4. Terrestrial/ celestial, and spherical 

Ar;47. Self-alignment Is what basic form of 
alignment? 

1. Celestial 

2. Terrestrial . ^ , . ' 

3. Inertlal 

4. Spherical ' 



4-48. Fine alignment, the process of aligning 
the platform axes with the computer axes. 
Is done ^by placing the 
.1. X accelerometer axis perpendicular to 
5 * _ the gravity vector 

2. Y accelerometer axis normal to the 
gravity vector 

3. X and Y accelerometer axes mutually 
perpendicular to the gravity vector 

4. Z accelerometer axis perpendicular to 
the gravity vector^' 

4-49. Refer to figure 6-26. Which statement 1b 
correct regarding the loop? The output 
of the X accelerometer Is amplified and 
applied to the 

.1. X gyro, and the output of the y 

accelerometer Is applied to the y gyro 

2. y gyro, and the output of the x accel- 
erometer Is applied to the x gyro 

3» y gyro, and the output of the y accel*^ 
erometer Is applied to the x gyro 

4. y gyro, ai^d the output of the y accel-/ • 
erometer Is applied to th^ y gyro 

4-50. What reference (e) does a north-seeking 
platform utilize In aligning Itself to 
true north? 

1. The earth's rotation and gravity 

2. A gyroptablllzed magnetic compass* 
system / 

5. A north seeking gyro « 

4. Doppler tadar and a fluxvalve compass / 
. ■ ■•■ ' 

4-51. Why Is Itrmore difficult to align an' air- 
craft's Inertlal navigation system at sea 
than on a fixed earth baset 

1. Because the ship's position Is not 
known as exactly as Is the earth 
base's position 

2. Because the ship's Inertlal navigation 
reference system embodies conventional 
pendulum principles rather than the 
Schuler principle 

3. Because' the accelerometers on the ship, 
^ being remotely located from the air- 
craft, do not experience the same 
accelerations as those on the aircraft 

4. Becatise ships use magnetic references 

— g 1 

Learning Objective: Identify types 
and operating principles of various 
Inertlal navigation systems. 
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A-52. 



A-53. 



4- 54. 



Inertlal navigation systema can be broadly 
categorized under two types knovn as 

1. stellar and terrestrial 

2. pure and hybrid 

3. analytic and geometric 

4. aircraft and surface ship 

In the analytic Inertlal navigation sys- 
tem* the platform position Is referenced 
to 

1. true north 

2. gravity 

3. a point In apace 

4. magnetic north 

Refer to figure 6-28. An output from the 
north accelerometer Is Integrated with * 
acceleration correction terms with respect 
to time to derive the north velocity com- 
ponent of the vehlcle*s track. What Is 
further done to the velocity term to pro- 
vide a position readout In the form (9f 
latitude? The velocity term Is 

1. fed straight to the Integrator 

2. mixed with the gyro signal and Inte- 
grated 

3. converted to an angular velocity and 
Integrated 

4. mixed with the east accelerometer 
signal and^ Integrated 

Refer to figure 6-29. ° When the platform 
Is aligned at the equator and then moved 
north* what 1^ the relationship of the 
gyros and accelerometers to the Earth's 
surface? 

1. Both the gyros and accelerometers 
maintain their position In Inertlal 
space 

2. The accelerometers remain normal to 
the gravitational field; the gyros 
maintain their position In Inertlal 
space 

3.. The gyros remain In a plane tangent to. 

the earth's surface; the accelero- ^ 

meters maintain their position In \ 

Inertlal space 
4. Both the gyros and accelerometers 

remain In a plane tangent. to the 

earth 's surface 



4-56. After the position converter In the strap- 
down system converts Inertlal acceleration 
and altitude vectors Into coordinates, 
tltesc coordlnnCt's are used to 

1. completely align the overall system 

2. determine altitude of the vehicle 

3. provide readouts of latitude and longl- 
' tude 

4. determine accelerations along the 
Inertlal axis 



4-S^- 



4-55. 



4-58. 



4-59. 



4-60. 



4-61. 



4 

'4-62. 



The combination of an Inertlal navigation 
system and some other type of navigation 
system Is called a/an 
1» hybrid Inertlal navigation system 
. 2. analytic "Inertlal navigation system 

3. geometric inertlal navigation system , 

4. strap-down inertlal navigation system 

The type of updating process that ' compares 
the inertlal ground velocities with the 
ground velocities of some other system is 
called^ 

1. ' reset 

2. summation 

3. mechanized , 
' 4. damping 

Loranis used to damp the inertlal veloci- 
ties an^ update the position of the vehicle 
in which of the following Hybrid inertlal 
navigation systemsT \ 

1. Radio inertlal only 

2. Doppler inertlal 

3. Stellar inertlal only 

4. Radio inertlal and stellar inertlal 

In the Doppler inertlal hybrid system* the 
use of accurate ground speed information to 
damp ^he inertially derived ground velocl- 
^ ties**is a great advantage because errors 
are NOT cumulative, and the accuracy 
obtained may be in the order of 

1. 100 feet per second 

2. 2 feet per second 

3. 50 feet per second 

4. 20 feet per second 

All of the following information is neces- 
sary in order to have an accurate stellar 
inertlal navigation system EXCEPT 

1. a reliable time standard 

2. an up-to-date star catalogue 

3. a well-aligned astrotracker 

4. a Loran input 

The basic Inertlal navigation system from 
which all navigation^omputations are 
derived is a combination of 

1. torque motors and gyros mounted on a 
stable element 

2. accelerometers and gyro0^ mounted on a 
stable element 

3. Integrators and gyros mounted on a 
stable element <. ^ 

4. accelerometers and Integrators mounted 
on a stable element 



Learning Objective: Recognize 
fundamentals of operation of the 
AN/ASW-16 automatic flight con 
trol system and its components 

'■ ' — ' — — ^ — «3r 
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4-63. If the attitude hold mode I0 aelected 

when the. aircraft la In a 4-degree right 
bank^ what ayatem response will result? 
. 1« The attitude hold mode will tflaengage , 
. ' 2« The system will hold the 4-degree 
right bank and operate In the roll 
attitude hold mode 
3« The system will level the aircraft In 
the roll axle and oparate In the head- 
V Ing- hold mode 
A. The system will cause the aircraft to 
roll to a bank attitude of 5 degrees 
and will then operate In the roll 
attitude hold mode 



In answering Items A-6A through select from 

column B the system operation applicable to each 
mode listed In column A. 



A* ' Modes 



B« System Operations 



Stability augmen- 1. A programmed bal- 
listic coilKputer 
automatically con- 
trols tl^^alitcraft 
maneuver (s) - 



4-66 • 
4-6 7 • 
4-68. 



tatlon 

Altitude hold 

Command 

Mach' hold 

Return-to- 
level 



2. The aircraft main- 
tains a referenced 
speed by making 
changes In pitch 
sttltude 

3. Pitch attitude Is 
varied to maintain 
the aircraft at the 
reference altitude 

4. Pitchy rollV and 
yav deviations of 
the aircraft are 
dampened and tut:tis 
sre coordinated 



In Itow 4-69 through 4-71 which concern the stab- 
ilizer actuator, select from column B the system 
response relating to each of the modes listed In 
column A« 



Modes 



4-69, Manual 
4-70, Series 
4-71, Parallel 



B« System Responses 

1. The actuator cylinders 
are moved either by the 
AFCS signal alone or by 
the.AFCS signal and the 
control stick movement 

2« The AFCS input signal 
causes the actuator cyl- 
inders to move and the 
mechanical input is 
locked out 

3, The actuator cylinders 
respond t6 movement of 
the control? stick only 

• 

4. Hydraulic pressure is 
removed and 'movement of 
the control stick mechan- 
ically operates the stab- 

'ilizer 



4-72* Which of the following statements is cor- 
rect concerning the two operating speeds of 
the stabilizer trim actuator? 
1« Slow apeed is used in manual operation 

to obtain fine trim adjustments 
2« Fast speed is required for automatic 
trimming to obtain stable system opera- 
tion 

^ 3« Faat speed operation can be selected 

for use with either manual or AFCS con- 
trol 

4* Slow apaed is required for automatic 

trimming to obtain stable system opera- 
tion 

- f 

4-73. Refer to figure 7-6. What are the inputs 

from the flaperon autopilot actuator to the 
flaperon actuators? 

1« A combination of AfCS input and the 
mechanical linkage in the series mode, 
and a direct mechanical linkage from 
^ the control stick iA the manual mode 
"^2* A direct mechanical linkage from the. 
control stick in the nihual mode, and 
an input from the AFCS onl^y in the 
series mo4e 

A combination of AFC6 input and the 
mechanical linkage in the series. /mode, 
and an' input from»fthe AFCS only in the 
parallel mo^e 

An AFCS input only in the series mode, 
and a combination of AFCS input and, the 
mechanical linkage' of '^he control stick 
in the « parallel ^o.de 

It ' ' 
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Assignment 5 



Automatic Flight Control System; Power Plant and Aircraft Environmental Systems 



Text: Pages 161 214. 



Learnlng Objective (continued) : 
Recognize fundamentals of operation 
of the AN/ASVf-16 automatic flight 
control system and Its components* 



5-1. Refer to figure 7-7 and assume the AFCS 
operating In manual mode. When rudder 
position corresponds to rudder pedal 
position, the flow of fluid Is stopped 
aa a result of action of the 
1* servo ram 
2* transducer 
3. differentiating lever 
A. electrohydraullc servo valve 



Is 



5-2. 



The maximum combined AFCS and manual 
displacement of the rudder from neutral 
for clean flight configuration CANNOT be 
great eir*t^an 



1" 
2' 
A' 

8! 



Refer to figure 7-8 In answering Items. 



.5-6. 
the 



5-3. 



5-A. 



5-5. 



5-6. 



Select from column B the type of 
system sensors listed In column A. 



5-3 through 
each of 



Sensors 



Types 



Lateral and normal 
accelerometers 

YaWy roll» and 
pitch rate gyros 

Inertlal navigation 
system and air 
data cpmputer 

Ballistic 
computer set 
and ground 
contSSjblled 
bombihg system 



AFCS 



2. Auxiliary 



5-7. A rate gyro's output Is the result of 

1. gyro case nutation ^ 

2. third-axis motion - . 

3. torsion bar snapback 

4. spin axis precession 

5-8. A rate gyro . Is mounted In a nonlocking 
glmbal whose rotational freedom Is 
restrained by a 

1. torsion restoring band 

2. torsion restoring spring ^. 

3. viscous damper ' '■' 
A. hair spring 

, J ' 

5''9. Which of the following statements Is 
correct concerning the output' voltage 
from a rate gyro? 

1. Both polarity and amplitude are 
determined by the direction of 
precession 

2. Both polarity and/amplitude are 
determined by* the amount of precession 

3. Pblarlty Is determined by the 
direction of precession and amplitude 
Is determined by the amount of 
precession . ^ 

4. Amplitude Is^ die^termlned by the 
direction of precession and polarity 
Is determined by the amount ot 
precession . ^ 

■ (. 

5*10. Which of the fol^owl;^ tensors will detect 
a loss of altitude even thcfiigh the aircraft 
Is In a nose up attltiide?' 

1. The, vertical gyro ' 

2. The pitch rate gyro ?; / 
3« The lateral accelerqmetfer 
A* The normal accelerometer 

■ . -■ ■ .'III". 
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5-11. 



5rl2. 



.if- ' 



Which of the following ata^temen^s Is 
correct concerning the output voltage 
from the accelerotneters? 

1. The amplitude of the voltage Is 
constant but Its phase varies with 

. the speed of acceleration 

2. The direction of acceleration 
determines the phase relationship 
between the output voltage and the 
excitation voltage « 

3. The amount of acceleration determines 
the phase relationship between the 

' output voltage and the excitation 
vbltage 

4. The phase of the voltage Is constant 
but Its amplitude varies with the 
direction of acceleration 

Refer. to table 7-2 In answering ItemH 
5-12 ,and 5-13. 

t ■ ■ - 

When the A^CS Is operating In jthe command 
mode 'and the. ballistic computer operation 
Is In effect, what will»be the result - 
of applying force' to the control stick 
In a pltchdovn. dlrect^ion? 
'1.,^ S2 will disengage ^CS control of 'the 
pltph axis, giving the pilot manual 
stick control. After the f orce 
applied to the stick Is released »r the 
equipment; will return to comnand mode 
ballistic computer operation 
2. SI will disengage AFCS control of the 
pitch axis, giydUVj^. the pilot manual 
stick contro^jjJ^Artjiy^^ ^ 
applied it«i lt)0l^ii^S.i.^ Tele^edf th^^ 
' . a equipment will* returj(^ to com&n^ modeT 

' ballistic computer operation ' . 
3^.' S2 Will engage, ^llowlnif. Jshe ' syste^i ^ 
. . to have both uianu'ai aiid'i^bs Input 
qpntrol during theJrjklme the ^fbrce '^a* 
applied, to the control stlcjc , ' > 
'4. ^l .ytll engage, allowlng-;'£h4^ ^y^cem. ^tc^ 
i ^JluivAi •t)pth' maiiuf^]^; an^^ ^ - - 

" ' controX during the: 1^ iotc^ Is 

* applied to the contVaJ. stick "1^ '^ 




5-13. When the AFCS la operating In the^fPQ-10^ 
mode, what will be the result of applying 
./ a force In excess of 1.1 pounds to the 

control stick In the roll left direction?. 

1. S3 will cause the AFCS roll Input to 
disengage and allow the pilot to 
Insert manual control the TFQ-10 
mode will automatically reengage when 
the force Is released 

2. S4 will cause the AFCS rdll Input to 
disengage and allow the pilot to Insert 
manual control; the TPQ-10 mode will 
automatically reengage when the force 
Is released ^ 

3. S3 will cause the AFCS roll Input to 
disengage knd allow the pilot to 
Insert manual control; the TFQ-IO 
mode may be reengaged manually after 

. the force Is released 
-•^^4, S4 will cause the AFCS roll Input to ^ 
disengage and allow the pilot to 
Insert manual control;, the TPQ-lO modr." 
may be reengaged manually after the "j^^ 
force la ^released ' ^ 



In answering Items 5-14 and 5-15, refer to 
flgureV7-12. Select from colgaup B the eVltch 
or switches that will react aiii'4^ci<lbed In 
column A when power la applied, the switch ^9:''^ 
depressed to the engaged pogiltlon, and the 
depressing f<^c^ Is then released. 

^A. factions 




5-15. 



Wlllivtfemaln In the .v 1, 
I en^l^^ position until 
thi' solenoid la 
manually overridden 
-dr the solenoid 
'vol;tage la removed 

^ Will remalai^n the 
engijiaged poSitioTi 
unfll the solenoid 

V voltage is. removed 






/learning Objective: Identify 
operational fuhctloili^ q|^^ /the 
'^.A^QS air navigation ^oihfMiter 
J'&ta Its varloua modtlles. 
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5-16. 



5-17. 



5-18. 



5-19. 



The air navigation computer receives all 
AFCS aignalB and routes them to operate 
their respective kttuators. Which of 
the following happens to the signals 
while they are passing through the < 
computer? / 
1. They ar^ coupled and shaped only 
They are coupled and amplified only 
They are shaped and amplified only" 
They are shaped, coupled, and 
amplified 



2. 
3. 
A. 



Refer to figure 7- 14 in answering items 
5-17 and 5-18. 

What does the diitput signal from the 
altitude, mach, and pitch command channel 
represent? 

1. A bank error 

2. A roll error 

3. A turn rate error 

A. A pitch attitude error 

The limited output signal from the lateral 
path channel Serves to establish^ 
1. a bank error signal from the roll 
..^puter 

the maximum bahk angle which an error 
signal can initiate 
one of the maximum positions. the 
mach potentiometer arm away from its 
centered position 

a rudder error signal resulting'^from 
the combination of roll command' and 
heading computer output signals 

When the AUTO STAB-AU^ switch is in AUTO 
position and the aircraft; is in a roll 
attitude of less than 5 degrees, what 
automaxic flight control configurations' 
are automatically Selected? 
1. Attitude hold and wing leveling only 
Headi|ig hold and' wing leveling only 
Attitude hold and heading hold only 
Attitude hold, heading hold, and wing 
, leveling 



2. 



3. 



A. 



2. 
3. 
A. 



Refer to figure 7-15 in your textbook 
in answering items 5-20 through 5-22. 



5-20. When the AFCS is operated in the heading 
hold configuration, what relay conditions 
exist and what circuit operations occur 
in the roll computer module? 

1. K3001 is energized, which couples the 
heading computer control transformer 
error signal^to thit ^motor; K300A is 
energized, which o(|Sb|p^le8 a signal from 
the sine resolve^?' Ic^^^^^ 

the heading errcjF'Js^^aX after the i 
desired bank ^^Mf^^^^!^^^ 

2. K3001 is deene^^^^^Which couples 
the heading c.cntt^^j^ntrol trans- 
former error dtjUfi^^^^ motor; 
K300A is energizedV^ij'hich couples a 
signal from the sine . resolver to Z600, 
canceling the heading error signal 
after the desired bank is established 

3. K3001 is deenergized, which stops the 
motor; an error signal is fed directly 
to the AFCS serVosystem through the 
deepergized contacts of K300A and 
K300.3 

A. K3001 is" deenergized, which couples 
an error signal to the motor; this • 
error signal, which cancels the input 
error, is coupled to Z600 through the 
energized contacts of K3003 and the 
deenergized contacts of K300A 

5-21. If AFCS: is engaged in attitude hold mode 

and the aircraft is in a bank greater than 
60 degrees, K3bb3 will epergize. A 
signal will be coupled through the limit- 
ing network, resulting in what aircraft « 
response? 

1. Roll back to a bank angle of 60 
degrees 

2. Roll back to a ^^ank angle of 25 
degrees' '^'^J^ 

■ : 3. Hold at the engaged bank angle 
A. . Return to a wingd level attitude 

5-22. What components provide for the cancel- 
lation of the resolver output when the 
aircraft is at zero bank angle? 

1. C3012 and T3001 

2. R30I8 and R3dl5 

3. R3018 and R3021 
A. R3018 and C3012 



/ 
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^ Refer to figure 7-16 answering itemh ' 
5-23 and ^"2/*, ^ 

5-23. Which of the following correctly describes 

the input signal to ZlOO-2? 

1; A 400-Hz signal whose phase and ampli- 
tude are determined by the c!irection 
and amount of rate gyro precession 

2. A dc signal whose polarity and 4inpli- , 
tude are determined by the direction 
and amount of rate gyro precesjsioQ 

3. A 400-Hz signal whose amplitude is 
constant and whose phase is determined 
by the amount of rate gyro precession 

4. A dc signal whose aipplitude is 
constant and whose polarity is detet- 
mined by the direction of rate gyro . 
precession 

5-24, The rat'e gyro signal is coupled into' the 
Ti^l servoamplif ier" as an ac signal, 
demodulated into a dc signal, modulated 
back into an ac signal^ i^ixed with the 
roll command and feedback signals, and 
. coupled through the 

1. rate gyro wipe-out channel to actuate 
the roll computer module 

2. rate gyro wipe-out channel to actuate^ 
( • the rate gyro 

3. actuator drive amplifier section to 
actuate the f laperon actuator 

4. actuator drive amplifier section to 
the summing junction 



5-26. Which of the following statements is 
correct concerning the pitch comjftiter* 
module when thfe AFCS is operated in 
altitude- or mach hold mode? 
1, "K4001 is energized and k4006 is 
deenergized; any altitude or mach 
deviation signal caUses the motor- , 
> / to t^rn the sine resplver and couple 

a* signal to the system which changes 
the aircraft pitch to reduce the 
J error signal to zero " 

. 2. K4001 is deenergized and K4006 .is 
/^energized; ,any altitude' or ntach 
deviation signal causes the motor to, 
turn the control transformer ^ind 
couple a signal to the system which 
^ .changes the aircraft jpitch to redi^ce 

th& error signal .to' zero "l" 

3. K4001 and K4P06 are both energized; 
any altitude or mach deviation signai 
causes the motor to turn the 9lne 

.^^esolver whose>error .signal la 

coupled to the. system to. change Cfie 
aircraft pitclv to reduce the eijror , 
signal to zero / 

4, K4001 and K4006 are both deenergized; 
any prf.tch or roll deviation , signal 
causes the motor to t«rti the sine *" 
resolver whp^.e error signal Is ' 

„ coupled to the system to , change the 
^ aircraft pitch to reduce the error 

signal to zero 



5-25. 



Refer to figure 7-17 .in answering items 
5-25 and 5-26. 

When the AFCS is operating in pitch 
attitude synchronization mode, what is 
the output of the pitch computer module 
control transformer, and why? 

1. Zero because the motor amplifier is 
disabled » 

2. A direct representation of the sensed 
• deviation pitch ^of the aircraft from 

a reference attitude because both 
K4001 and K4006 are energized 

3. Zero because any detected deviation 
in pitch is coupled to the motor and 
nulls the control transformer 

4. Zero because both K4001 and K4006 are- 
energized and all inputs to the ^ 
control transformer are removed 

\ 



Learning Ob.iective: Recognize 
signal flow theory relevant to 
the rudder, flaperon, and stabi- 
lizer axee in the various modes of 
AFCS operation. A 



0 Refer to 

5-27 through 



figure 17- 
ugh 5-29. 



19 in answering items 



5-27. The control functions provided by the 
rudder axis incluHe 

1. yaw dampening and heading hold only 

2. yaw dampening and coordination of 
turn maneuvers onl^ 

3. heading hold and coordination of turn 
maneuvers pnly 

4. yaw dampening, heading hold, and 
coordination of turn maneuvers 

5-28., As the rudder actuator is being .positioned 
proportional to Z100-l*8 input signal, 
the input error signal is' canceled by a 
signal from the - 

1. yaw rate gyro*^ , ». 

2. position sensor 

3. air data' computer 

4. balance adjust - . ' 
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5-29. APCS and rudder peijial signals are 

combined in what manner and at what 
j unction? 

1. - Mechanically at ^summing junction (3) 

2. * Electrically at summing junction (3) 
.3. Mechanically at symning junction (2) 

A, Electrically at dumming junction (2) 

5-30. When the AFCS is operating in the stabi- 
lity augmentation mode, the yaw damper 
and tUfn coordination signals function to 

1. maintaiji a referenced attitude- 

2. assist the pilot in moving the rudder 
pedals 

3. dampen aircraft" yaw movement, and 
reduce aircraft side acceleration 

A. increase yaw movement and aircraf-t 
side acceleration 

.5-31. Selection of the mode(s) of opctration of 
the f laperon axis CANNOT be actomjplished 
by 

1. engaging a switch on the TPQ-10 
ground controlled bombing system panel 

2. applying force to the aircraft control 

rtick 
ngaging function switches on the 
controller ' . 

A. « engaging a switch on the aircraft 
. • . control stick 

,0 Reference to figure 7-20 will be helpful 
in answering items 5-32 through 5-36. ' 

5-32. The signal generated by m6vement of the 

control stick and the AFCS control signal 
are combined by 

1. eleptrically summing,. t he . stick move- 
ment signal with the AFC5 electrical 
signal at summing junction (8) 

2. electrically summing a "signal from 
• the position sensor and the AFCS . 

' input at summing junction (7) 

3. ^ electrically summing a signal from 

the pos^Mon sensor and the AFCS 
signal at the autopilot actuator 
^4. mechanically summing the stick move- 
ment signal vrwith the AFCS mecharclc«}-l 
signal at summing 'junction (8) 



5-33, 



5-34. 



5-35. 



5-36. 



Vmen the AFCS is operating in tAe stabi- 
lity" augmentation mode, automatic synchro- 
nization of< the f laperon axis with tjie . 
roll and heading of the ^aircraft is 
accomplished by what components? ■ 
1. The command coupler module and the 

heading computer module, respectivjely 
The roll servo amplifier anS the 
command coupler module, respectively 
The roll servo amplifier and the head- 
ing computer module, respectively 
The roll computer module and the head- 
ing computer module, respectively 



2. 



A. 



Roll attitude synchronization and heading 
syncjironizatibn servetv to keep the output 
shafts of*the roll, servo assembly and ~the 
heading setvo assembly aligned, respectively 
with the roll attitude and the heading of* 
the aircraft. ~ 

Which of the following actions wj^ll 
result if the roll attitude mode ISii!^ ' ' 

engaged when the aircraft is in" a rofl 
attitude in excess of 6Q degrees? 

1. The system will retutn the aircraft 
to a wings level attJLtude 

2. The system will hold the aircraft at 
^ the attitude at which engagement 

occurs ' • ' 

3. The roll attitude will be redu^ced to 
^, and be maint^ained .at 60 degrees 

AV^; The attitude" hold engage switch will 
disengage . : 

'Emitter follower (Z-5050) in the command 
coupler module serves to - 

1. ^^ match the impedances of the £Cach pot 

and the lateral path channel 

2. match the impedances of the two input 
circuits to summing junction (4) 

3. match the Impedapce of the Mdch pot and 
summing junction (A) ' , 

A. provide a t}iree-to-one decrease in 
heading g^in from the aircraft's 
maximxmi airspeed to the landing 

conditioh 




5-37,^ -In order to engage the TPQ-10 mode, 5-A2. 
vhat AFCS and aircraft attitude conditions 
must be met?. The AFCS must be In the 

1. stability augmentation mode, and the 
aircraft must be wings level 

2. attitude (heading) hold mode or 

. command mode, -and the aircraft must 

be In a bank angle greater than 5 

degrees . ' 

3. attitude (heading) hold jaode or 
command mode, and -the aircraft must 

be In a bank angle of less than 5 ' 

degrees .\. 

4. command mode^ ePtid^the alrcraf tn bank 
angle must be greater . than 3 degrees 

5-38. What are the lateral cOnaand mode control 
phases provided In f he AFCS? 
.1. Roll command phase and ALS data link 
• command phase, only 

. ^2. Retiarn to level phase and ALS data 
link command phase onl';;^ 
_ . 3.' Roll command phase and return to- / 

level phase only f 5-43 

4. Roll conanand phase, return to level ' 
, phase, and c<ALS data link (^ommand 
phase 

» ; • " ■ . . . ■ . ^ 

5-39. When the AFCS Is operaj^ed -^In the roll 

command phase, the difference between the 
desired .heading and .^actual- alt'cra ft head- 
' Ing Is computed by ■ , th^; . ^ 

.jU ballistic computer 
2. inertlal navigation system 
. ' 3. attitude/heading reference system 

A. heading computer control transformer 

5- AO. When a llAS maneuver Is Involved In the 

roll command phase, all maneuver^ 5-AA. 
sequences ate set up and sequentially 
controlled by the ^ 

1. ballistic computer 

2. data link 

3. attitude/heading reference system 

4. Inertial navlgat^lb system 



Which of the following statements la -i^ 
correct concerning the use of manual t 
control Inputs during operation in the \; 
ALS *data link phase or the roll command J 
phase? At the conclusion of manual Input^ 
while In 

!• either the^^ALS or roll command pha8e% . 
of operation the CMD switch must be 
reengaged - ~ 

2. the' roll comm§nd phaae the equipment 
wllX return to the roll command 
phase without reengaging the CMD ^ 
switch, but If In tiie ALS phase the 
CMD swltcU must be reengaged 

3. the roll <:qmmand phase the CKD ^ . 
switch must be reengaged, but 1^ In 
the ALS phase the equipment will 
return to the ALS phase' automatically 

4. .either the ALS or the roll Command 

phase of operation the equipment will 
return to Its original phase of 
operation automatically 



l^lch of the following statements Is 
correct 'concerning longitudinal and 
lateral ALS Information supplied to the 

AFCS? 

1, Both longitudinal and lateral Infor- 
mation (!6ntrol |:he pitch axis 

2. Both longitudinal and lateral 
Information control the roll axis • V 

3". Lateral Information controls the 
roll axis ^ and longitudinal Infor-. 
matloti controls the pitch axis 

4. Lateral Information pontt6ls the 

pitch , axis y cfnd long IttilRuil Infor- 
mation control^ the roll axis , 

In order to' establlah th^ '^return to'^ level 
mode, the equipment must be operating in 
any of the fo lining modes EXCEPT 

1, heading hojd ' 

2, ^ ^ch hold ' ' 
3. , stability augmentation 

4. TI^iQ-lO ' ' • * . 



5-41. In, the return to 'level phase, what • 
determines- the motor roll-back rate? 

1. The. phase and amplitude of the rpll 
computer control transformer output 
signal 

2. The alfifiebrelc sum of the roll com- 
puter tachQmeter and the control 

--t^rana former output signals ^ 

3. The algebfaiti sum of the roll com- - 
puter tachometer and the sine 

. ' jresolver signals 

4. The algebraic sum of the roll 
computer colAtrol /transfoirmer and the 
sine resdlvet output signals 



in' 



0 Items 5!-45 through 5-56 relate to the 
diagram shown in figure 7-21. 

5-45. In the serlV's mode, what are the limits 
of the stabilizer axis control surface' 
authority for mechanicial inputs with 
both flaps and gear up? 

1. 4 degrees down and 8.75 degrees up 

2. 4 degrees up and -8. 75 degrees down 

3. 2 ,degrees down and 10.75 degrees up 

4. 2 degrees up and 10*75 degrees down 
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5-46. In which Bode(8) of op«ra|4on, if any, 
vill^ stsblllscr axis AFCS inputs result 
in control column moveiDjent? 

1. Parallel inpde only 

2. Series mode only 

3. Both series and .parallel modes 

4. None 

5-47. What is the purpose of pitch attitude 

^synchronization in the stability augmen- 
tation mode? 
. ' 1. To dampen pitch axis oscillationff 

2. To keep the computer tachometer 
rotating at a speed proportional to > "^n 
the pitch angle 

3. ' To 'obtain an output wltage that will 

position the stabilizer to the 
commanded position. ' . 

4. To keep the pitch computer output 
shaft aligned to the. stabilizer 
j^oeition 

5-48. What will be the result if the pitch 
, synchronization is' not performing its 
function within the limits given? 
^ 1. K1009 will energize and disengage the 

AFCS 

2. Ki009 will energize and the attitude 
hold mode cannot be engaged - 

3 . Either K4008 or K4009 will be 
energized and the a^ttitude hold fnode 
cannot be engaged ^ , 

4. Either K4008 or K4009 will be 
deenergized ajid the attitude hold 
mode cfannot be engaged' 

5-49. . What will be the result if the pliTch . 

attitude )iold conHguratlon is selected 
but relay K4001 does not energize? 
1. Ifhe equipment will operate, in a 
' normal pitch attitude hold configu- 
ration . o 
2v. TJie equipment '-will remain in the 
pitch attitude synchrQnizatlon 
configuration 
*^3. The pitch computet will remain champed 
and prevent the. computer motor from 
6 rotatiitg" 

4. The equipment will engage in the 

pi^ch attitude synchronization ^ 
..-^qonf iguratlon 



5-50. Which of the following statements Is 

correct concerning , the situation in which 
the aircraft's attitude is beyo^nd the V 
pitc^ limits when the pitch Attitude hold 
mode is engaged? If the' att;itude is in ' 
rexcess of the limits in 

1. pitqhdow|i direction, K4004 will 
energize and the pitch attitude will 
be reduced to -25 degrees C 

2. .pltchdown direction, K4003 win ener- 
gize and the pitch attitude will be 
reduced to -25 degrees 

3. pitchup "direction, K4004 will ener- 
gize and the pitch attitude will be 

' reduced to +25 degrees 

4. pitchup direction, K4O03 will 
energize and the pitch attitude will 
be Yafuced to +25 degree^ 



In answering items 5-:51 through 5-53, select 
from column 3 the function of each o^ the relays 
listed ,in> column A and s'hown in figure 7-21.' 



A. Relays 
5-51. K1017 V 
5t52. K1040 
5-53. K4002 



B. Functions 

1« Connects the pitch . / 
computer balance '*ad just 
potentiometexsi to the 
input of susming Junc- 
tion (12) 

24 : Connects the output of 
. the attitude sensor to 
summing Junctions (9) 
an^ (12) 

3. Removes the control 
' ' transformer ^;^nput from 
sumniiig Junction ,(12). 
and switches in-^full 
. . tachometer input to 
sunming J\mction (12) ^ . 
4.. Connects the- vertical 
d£unping channel output 
into summing Junction 
. -(12) ■ _ 
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5-54. if the altitude displacement error were 

the only control, engagement of the ^ 
altitude hold mode at a time when the 
aircraft Is In an; other-than-level 
-» attitude woul4 result in the aircraft 

1. maintaining that attitude 
2.. reducing In pitch attitude without C\ 

leveling 'off 
'3. leveling off and maintaining the 
referenced altitude 
4., holding at an altitude different from 
the desired altitude ^ 

v5-55. nThe output of . the. roll computer v 

resolver's cosine \;rindings during bank* figure 
attitudes serves to . 

1^ .. 1. pr^ent errohe&^s pitch errpr signals 5-59. 
during ^turn maneuvers . " ■ 

2. turn the resolver ;ln the proper, 
direction 

.3. compensate for Improper phasing of 

sine signals in the computer/" 
A. cancel output error signals from the 
,rfesolvfer o ' * 

/^5r56. Speed of the aircraft is controlled during 

the Mach'hold function by controlling ' 
.. 1. roll attitude , 
■■; .!2. throttle 'movement only ' 
.0 V-3._ pitch attitude only ' , 5-60^ 

4. pitch attitude and throttle movement 



Learning, Ob J ective : Recognize^ , 

functions and* operating'ifijplVcipI^ 

of components and^ circuits In' the 

variable exhaust nozzle contro^/ 

system an*a the autoj^tic* tempeia- ' / 

ture control system, including"^ 

system action relating to leverv; \ \ J: " 

positioning.. 

% ' ■ ■ ' 

Items 5-59 through 5-64 refet^to the 
variable jios^zle system illustrated in 
8^1 in your textbook. 

What determines the schedule by which 
the nozzle modulates^f rom the point at 
which the torque mdtor ^n the nozzle jarea 
control overrides the mechanical ach^du^e 
until military temperature la attained-? • , 
1, Power lever position and« nozzle 

position ' . 

2., Nozzle ppsltlon and, engine speed 

3. Exhaust gas temperature (EGT) and 
^ower lever position 

4. Engine speed and exhaustf gas tempera-, 
ture (EGT) ' : ■" 



• V 



5-57. What is the purpose yof^the AFCS mode 
. ^ . interlock systiem? • 

1. To prevent selection of incompatible 
functions 

To ensure operator safety during 
system testing 

3. To eliminate unnecessary use of r^lays^ 

4. To provide a positive means of inter- 
facing components '* 

5-58. Refer to table 7-3. Which of the follow- 
^, ing groupings contains only mod^s of. ' 
operation in. which the flaperon axis is 
controlled? . ' ■ I 

1. Roll Attitude hold, heading, and G- /j> 
command 

V 2. Mach.riold, roll command, and pitch 

•' attitude hold . ' 

3. StabiJ-ity augmentation, return to >^ 
level, and automatic pitch' trim 
. 4^ Heading synchronization, roll -attitude 
' ^ ^ hold; heading hol,d, roll command, 

T,»and ground controlled bombing (TPQ-10) 



5-6i: 



^Frorn where in this engine is exhaust gas » 
temperature (EGT) taken and to 'Where is 
the' information transmitted? 

1. Downstream of the third-stage turbine, 
^wheel; to the temperature ^plifier 

^ and to the exhaust gols temperature 

> inldicator ^ '\- * . *' 

2. Dowpstream of the tliird- stage, tukbihe 
wheel; to the temperature amplifier 

3. ifpstream of the third-s t age tftir bine 
wheel'; to the exhaust gas temperature 
indifiator ' i ' 

4. , Downstreairf o|>the t|r^rd-atage turbine 

wheel; to'^'fi^ of, the 

' tail pipej,';^vV^^v;?!i^'^J^ ' 

' Assuining thafe;^h^ ^^i^W p is ' 

*'changed,. t^i^jijt^.ft^^ followltig 
sta.tements concfetning the var^-ablc nozzle 
is correct? , * . . ' 

1. When the nozzle is fullyv open^j all , 

def lection is ' Qccbmplished by thd^ V . 
prii^^ry flaps 

2. The smaller ^he nozzle area» the loWer 
the EGT r . • . ^ 

* 3. the larger the nozzle area, the higher 
the\EGt * ' . **' ^ 

. 4. the smaller the nozzle* tfrea, the,. • 
^higher the EGT - V .' ' 
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.5^62. The pCir pose of the. control alternator Is 5-68, 
to provld^e ^ ' ' ^ 

!• operating power to the nozzle pump. 
.2, ac operating power to the tempera- 

. ture amplifier '■ ^ • . 

,3«, ac operating power to the nozzle 
n " ac;tixators 

4. standby power for the thermocouples 

j> ' ' , 

5-63»< -.^he temperature amplifier Is cooled by 

the flow of • ^ s 
^ ^ U ;.fuel ^ 5-69. 

2« , forced air 
■ 3« _ free;5alr '•V.;^ " ' ' 
• 4, refrigerated cabin air • 



5-64. 



5-65. 



5-66* 



Refer to figure 8-2.* The nozzle area 
control motor Is powered by a voltage 
which represents the 

1. difference betwei^ the refei^^nce 
voltage an4 the thermocouple ''signal 

2. sum of the reference voltage and the 
s thermocouple signal 

.3. primary voltage of the power trans- 

f otlner ' . 

4. - s'ecbndary' vtflta^e of the* power trahs- 
, former . . 

„ n . • •-. ■ ^ , <-■ 
The pbw€ir clever has preset 4^tents for 
ieach .poVer setting to. prevent changes of 
• -power. . ' ■ ; ■ , . ' ' ■ 

Which of the following statements Ife IJOT ' 
correct cqpcernlng condition Ijavers In ,an * 
E-2 aircraft? ' ' 

1, As^ach lever Is placed Into eacH *'^V 
, position, circuitry Is actuated to 
perform the cycle selected 
When the AIR* START position Is 
selected, the lever muist be held until 
the 'St art cycle Is* completed 
It l-s mechanically 'impossible to 
place both engines In FEATH at t^ne 
same .tlifle 

The levers are located on the 
opposite side of the cockpit pedest^l'^ 
from the pbwe^ levers -to ensure 
selection' of ^pnsgprlate levers / 



5-70. 



2. 



5- 
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71. 



67. 
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"What rpm speed and power^ lever set- 

ting. ;t/l 11 allow swit^ij^thg of the tempe^T-? 
hiature datum control from t^peratiire 
*^ 1ml ting td, temperature control? 
*1. -Rpm below .94X5 power lever beloy 66** 

oii the* co^rdlttatpr - ^ 
•2. Rpm above' 94>i; power lever above 66** 

on the'jcoordlna^or. * x.^, \, • 

3>, <^pm' below 941; jpbwev ley^t- above 66* 
• " on the coordinator . ^' 1 ^ . ' 

' 4 .. Rpta above 94%; power .^lever.' belowv 66**^» 
' on the coordinator ^ . v 



The discriminating device will complete 
the /eather cycle when th^ condition lever 
is placed In FEATH and the power^ lever Is 
.placed In ^ ; 

1. any position beloW the FLT IDLE 

position only 
;2. ^any position above the FLT IDLE*. 

position only. "* 

3. the taxi range only 

4. any position 

When reference^ temperature and turVitie 
Inlet'^ temperature signals sent to the 
temperature datum control Indicate a • 
difference greater than 1.9*C, a control 
slgnaL Is i^ent to the temperature datum 
Valve • The cohtrpL signal causes the 
valve to T ' • v.* 

1. regulate the ^u^ flow to the engine 
being contlFolleH 

2. control, a fuel-flow stabilizing pump . 
on the ehglne helng controlled c 

3. adjust the' powei: l^ever assembly regu- 
lating ^fii^ f loif ,tp' the engine being 
controlled ^ ' ^ 

4i readjust* thcT.engliie .cooi;dlnator6 and 
the Jtrimmfqg circuits on the englnie 
being coniror^Sd 

Mounted -in each engine is a turbine Inlet 
case' containing, twd thermocouples ^ 
connected In^parallel. If ^one.of the 
thermocouples were tp inal function^ juhft 
would be the effect, If any, on the ot'feer 
I thermocouple circuit? ** . . 

1. It, would not be effected ^ 

2. * It would become Inoperative ' . \' 

3. It would produce a higher signal 

4. It would produce a lower slgjtfal 

if the electronic fuel trimming' circuit 
malfunctions,^ .the temperature is 
controlled by 

1. placing the TEMP/DATUM swi^tch. in the , 
• NULL position and con trolling". the 
fuel flo^Pwith the movement of the 
powex^^fever *\ . 

placing the TEMP/DATUM ^switch in the /i 
NULL position that fuel flow 
control will ag.aln be automatic' 
leaving the TEMP /DATUM switch in th^ 
AUTO po8iti9tvlind controlling the fuel 
flow wlth^ the' movement of the power- 
lever ' . • . ' ; 
moving the TEMP/DATUM ew;|ich to th^^ALT'" 
position and conj;r<illJ.ng 'tlj^^ivel flow 
fVoI^^•t^he backup teinp 'datufe sy 



2. 



3. 
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Assignment 6 

Power Plant and Aircraft Environmental Systems 



Text: Pages 215 - 2A2 



'.til 



Learning Objective: Relative to S-3 
^ type aircraft, Identify functions, 
names, and operpftlng principles of ' 
' perf Q^^rmance indicators and warning 
systefl^^ and associated components 
a^I^jC4.dbuits. 




jthro^; 



Refer to figure 8-A in answering 
through 6-3. SeiJ-ect from column 
performance Indicators containing 
caution lights listed in column A 


items 
B the 
each 


6-1 6-8 

engine 

of the 


Caution Lights 


B. 


Indicators 


6-1, Gas generator overspeed 


1. 




6-2. Ove r temper a tur?'-v- ^ 


2, 


\ 


6-3. Fan^ overspeed t 


3. 


FF 6-9 




A. 


ITT 



6-6, The gas -generator speed indicator output 
readings are derived from the ac sine- 
wave output signal of a • ' 

1, tachometer generator 

2, servo amplifier f 

3, two-stage pressure turbine o 

A, 28-hert2 permanent-magnet transmitter 

6-7. Ferrous nuts, mounted on the shaft of the 
engine's fan, serve as a means of 

1, balancing the shaft 

2, generating pulses 

3, > reducing eddy currents 
A, amplifying rpm signals 



,^^^^^9 refer to accessories 
§t\ceif^>d^cators used in S-3 



6-4. The fuel flow consumption rate of. an engine 
is sensed in a fuel flow transmitter by 
pulse generator ^input deMtic^s fiall^d 

1. fuel contactors/ y <, 

2. pickup exciters ; / 

3. ' paddle wheels . . i 
- A, exciter generators ' 



When fan speed is too high, a warning 
light illuminates due to action of a/an 

1. untuned logic circuit ancf a reference 
' generatoi^» . 

2. " untunfed loglte circuit and a tuned 

oscillator 

3. tuned logic circuit, and a reference 
generator "* ^ 

A, tuned logic circuit and a tuned 
oscillator i 

Engine temperatur^ sensing is accomplished 
by an assemj)ly of * 

1. 3 thermocouples connected in series 

2. 5 thermocouples connected in parallel 

3. 3 thermocouples connected fn serles- 
. parallel . - 

A. 5 thermocouples connected In series- 
parallel ^ 



m 



6-5. If the quantity of fuel flowii^g through a 

fuel flow transmitter increases, the amounjt 
of time lag between pulses in the trans- 

❖ mitter*s pulse train output is caused to 

1, decrease proportionally ' • 

2. decrease exponentially 
,3. increase proportionally 

A. increase exponentially 



6-10. Refer to figure -^-6, Which pf the. follow^ ^ 
ing statements is correct cori^fern;I;h^ the 
fire detector system shovm In the figure?, ^5 
' 1, Since the -fierising'-eXements react^^l- 
marily to ambient temperature changes, 
syalbem voljtage rldgulation is not 
crl'ft.cal ^ ^ 
2. Actuation of the test. switch deener- .\ 
' ^' ■ gizes tKe test relay ?nd allows a " , 

> simulated high^ resistance sensing 

^ e-lement condition to exist 
/ ^^r-'-^ When exposed to high temperatures , the 

" . ; . ' i- , serraing*^elemerit increases in resistance 

( When exposed to high temperature, the 
. - sensing elenfent decreases in resistance 
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6-11. 
6-12. 



6-^13. 



6-1 A. 



6-15. 



Learning Objective: Recogrfi^e 
operating principles of engine 
starting control systems and associ- 
ated fuel system components, and 
indicate functions, locations, and 
characteristics of the components. 



An air turbine starter is operated by 
compressed air from a GTC or an APU, or 

by 

1. bleed air frS'm an operating engine 

2. bleed air from the starter itself 

3. air vented directly to the starter^ 
from the outside 

A. compressed-air from an emergency air 
tanlc 

0 

The engine start switch is held on by a. 
holding relay until engine rpm reaches 
what percent? 

1. '16Z 

2. 65Z , 

3. 77%-^- 

'A. 9AZ ' ^ 

The ignition exciter provides which of 
Che following voltages? 
.1. A stepped-up-voltage for firing 
ignition plugs 

2. A 28-volt excitation voltage for 
closing the ignition relay 

3. \ A pulsating voTtage for activating 

the speed-sensitive control 
A. A sibe-wave voltage for application 
to the ignition relay solenoid 

The function of the centrifugal boost 
purip in the engine fuel pump assembly is 
to adjust the pressure on the fuel to a 
predetermined 

1. minimum value 

2. maximum value 

3. average AOklue 

A. value sufficient to ensure a 7.5-psi 
dif f erentia^ betWen input and output 

When a pressure differential "greater than, 
7.5 psi exists between the inlet of the 
low pressure filters and the input of the 
the centrifugal boost pump, it will cause 
the fuel to • 

1. bypass the low-pressure filters only 

2. close the bypass valves in the low- 
pressure filters 

3. bypass both the low- and high- 
pressure filters . 

A. flow through both the low- and high- 
pres'sure flitters 



6-16. 



6-17. 



6-18. 



6-19. 



6-20. 



6-21. 



When the filters between fuel pump and 
fuel control become clogged, which of the 
following should happen? . - 
1. The bypass valves across the filters 
should open 

The bypass valves across the filters 
should close . - 



2. 
3. 



The f ilter^felements should expand > 
under pressure 
A. Centrifugal pi^essure on* the line y 
should automatically increase, over- ^ 
coming the blockage 

What behavior of the paralleling lamp 
indicates that the secondary element of . 
a fuel pump has failed? 

1. Lamp illuminates continuously 

2. Lamp never illuminates 

3. Lamp illumifi'ates above 65% rpm only 
A. Lamp illuminates between 16Z and 

65% rpm only 

In conjunction with the temperature 
datum valve, the fuel control functions 
to provide a starting fuel flow schedule ' 
and to . 

1. reduce nominal fuel requirements ' 

2. prevent over temperature and com- 
pressor surge * 

3. operate hydraulic-actuated fffel 
cutoff valves ■ 

A. close the fuel cutoff valve during 
compressor surges 

After an engine Is started, the, associated 
fuel cutoff valve will remain closed until 
en^ne speed attains what minumum rpm? 

1. 7.5% rpm 

2. 16,0% rpm 

3. 20.0% rpm \ 
A. 65,0% rpm 



X 



The fuel control relay is energized in 
which of the following circumstances? 

1. When the fuel and ignition switch is 
in the Opposition 

2. When the^op^spor is feathered • 

3. When ^fl^f^iiel control^hutof f valve 
is malfunctioning 

A. When the fuel control shutoff valves 
is in a FAILSAFE condition 



Where is the temperature datum valve 
located? 

1. Between the fuel' control and fuel 
nozzles 

2. Between the fuel nozzles and fuel- 
output lines 

3. Upstream of t^e fuel control 

.4. Upstream of tf^i'e fuel control cutoff 
valve 
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6-22. Which of the following statements id cor- 
rect af the manifold drain valve? 

1. It is spring-loaded and solenoid 
operat^4 

2. It is locatfed at the top of the fuel 
manifold' ^ * 

3. It is the mechanism for draining fuel 
when fuel pressure becomes greater 
than 20 pisi \ ' , 

A. It is the drop path around the 
combustion liners 

6-23. What is the function ot the compressor 

bleed air valves? 
* 1. • To reduce* the compressor load on the 

starter 

2. To Minimize the starter load on the 
compressor 

3. To bleed air from the compressor's 
^fifth stage into its tenth stage 

A. To sequentially close the eight parts 
on the compressor housing 



Learning Objective: Recognize 
sequential .operations in a normal 
^ngine start cycj^e , including 
effects of the operations ,on cir- 
cuit components, and identify 
means of controlling propeJ.lor 
pitch. 



6-2A. If the engine start selector switch* is 
placed in engine number* 1 position and 
the fuel and ignition switch for engine 1 
is moved to ON, what will happen to (a) 
the fuel control relay and (b) the 
temperature datum relay? 

1. (a) energize (b) deenergize 

2. (a) deenergize (b) energize 

3. (a) energize (b) energize 
A. (a) de'cnerglze (b) deenjergize 

6-25. When the engine start switch is depressed, 
current flows through which of the 
following components? » 

.1. The engine start selector syitch only 

2. The speed-sensitive control only 

3. The speed-sensitive control, and the 
engine start selector switch only 

A. The starteV control valve, the speed- 
3-ensitlve control, and the start 
selE?ctqr switch 



6-27. Which of the following will occur when 
approximately 65Z rpm is reached? 

1. Switches in the speed-sensitive, 
control will close 

2. The ignition relay will energize 

, * 3. The fuei^pump will operate in series 
A. A series light will illuminate 



6-28. 



With the propeller governor at one setting, 
the governor maintains a constant engine 
rpm by ^decreasing propeller pitch when 
engine rpm starts to decrease, and 
increasing propeller .pitch when engine 
rpmstarts to increase. 



6-29. 



1^ 



The^pitch of a propeller blade is var 
by /porting engine lubricating oil 
^dljrectly to what part(s) of the 
-propeller piston? 
/I*. Inboard side only 
Outboard side only 
Inboard and outboard sid^s 



3. 
A. 



6-30. 



6-31. 



Gejared cam 



Learning Objective: Recognize facts 
regarding propeller synchrophasing 
and the components and circuitry 
involved, including use of a trouble- 
shooting chart. 



The synchrophaser will function in which 
.governing 'm6de(s)? 

1. Mechanical onlji 

2. Normal and syncnrophasing 

3. Synchrophasing only 
A. Mechanical and normal 



ncnrop 



Propeller synchrophasing 'supplements the 
mechanical fto,veij^r by mairjtalfilhgf^he 
same rpm on all propeller's and by main- 
taining a/an \ . ' 

1. inverse phase relationship between 
each o^ the slave prqp^llers and.' the. 
master propeller, , " 

2. preset phase relationship between the 
master propeller and each of the ^ 
slave propellers 

3. constant pump pressure on each of the 
slave propellers ' 

A. preset pump pressure on each of the 
slave propellers 



6-26. The starter valve lights^ illjiral9ate. when 
compressed air closes the contacts of the 
1.4. pr'imero switch _ * „ 

primer valve solenoid 



2. 
3. 

A. 



air Valve position sw^ 
speed-sensitive oeJrjjLr* 
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In -answering items 6-32 through 6-34, /select 
from column B the- tunQtion of each of dhe 
syjftchrophaser system components listed in 
column Jt. 

t * . 



6-37. 



6-32. 



6-33. 



6-3A. 



A". Compon- 
ents 

Pulse 
Generator 

Phase anci / 
TrimControl 

Speed' Bias 
Servo 
Assembly - 



B. 



Functions 



1. Provides for the input 
/ of a preselected phase 

relationship between 
the master and slave 
prope^llers 

2. Mechanically controls 
the speeder spring to 
Cjontrol the speed of 
^^"^ propellers by using 
the 400-Hz input from 
thk electronic unit to 
determine the direction 
and apiount of c(5ntrol 

Produces one pulse out- 
put signal for each 
propeller revolution 
»by using* a magnet 
attached to a. propeller 
blade and a stationary 
coil 

Produces a 400-Hz speed 
#bias servocontrol volt- 
age, that is the result 
of comparing the slave 
and master input pulse 
• signals 



0 Refer to figure, 8-8 iti answering items 
6'-35 and 6-36, " 

. ■ ■ ' : ■■ ■ 

6-35. The feedback potentiometer that is con- 
nected to the No. 2 winding of the mag- 
netic modulators is powered from what 
soui^ce? 

.1. Anticipation potentiometer.' 

2. ' Clutch and brake solenoid 

3. Synchrophaser 

4. Master relay . ' 



6-56. 



Note the amplif ier^.sytnbbls in the center 
of phe~'.fig,ifre. wiiat form of input si^al 
is* applied to the amplifiers? 

1. AC, controlled fn phase 6nly 

2. AC, controlled in amplit^ide only 

3. AC, controlled in phase and amplitude 

4. DC, controlled in polarity and 
amplitude * . 



6-38. 



^he" mpdulatdr unit 
proviSea which of 
control voltages?- 

1 . An ac voltage 

^ with the excit 

2. An ac voltage 
phase with the 
reference wind 

3. An ac voltage 
phase with the 

.4. A negative or 
♦ voltage , 



in the synchrophaser 
the following servomotor" 

90«» or 270«» out 6f phase 
ation voltage ' 
in 4)hase or 180** out of 
voltage applied to the 
ing 

in phase or 180** oat of . 

excitation voltage 
positiv^ dc signal^ 



6-39. 



Engine response, to transient rpm changes . 
is improved in the normal governing i^ode, 
and in the synchrophasing mode engine 
speeds are synchronised, propeller phase 
angles are regulated ^ and the limiting * 
features of the normal governing mode 
are maintained, ^ « 

* 

Refer to figure 8-9 in. answering items 
6-39 through 6-46. ' , 

As the power lever is moved to decrease 
power, capacitor C303*c^a^ges to a mor^ :^ « 
positive value. This i^Jeased voltage * 
is applied to the speed derivative cir- 
cuit and results in ' ' 

1. the leading voltage surge that appears 
on the servomotor control winding df'^ 
the me.chanical go\fer^or 

2. a change in the speed or phase of th^^ 
master engine with respect to ttje 



6-40. 



slave engine 

3, resetting of the mechahiical governo?* 
towards a deptease iri prope^er pitch 

4. j^esetting of tbp mechanical goveAor 
toward^, an Increase in propeller pitch 

CR620 functions to ^ ^ \ 

1. prevent circuit f Vercompensation p.n*^ 
response to rapid throttle^lever 
movement *^ ^' 
2* ^rovj^de referen<a|^ volt^e to the 



3. 



6-4^1. 



"se^rvo control motor 
provi^ reference voltage to the 
tachometer generator *r 
prevent disruption of the dc bias 
voltage on the magnetic modulator 
' ■ ii 

Ihe purpose of^ the speed derivative cir- 
cuit fs to sense changes in engine rpm ' 
-and' to^generate. output . signals that 

1. change the propeller pitch to align 

^ th*Q^ slave propellers to the master • 

propeller j ■ 

2. dampen engine rpifT changes 

-3. change the propeller pitch to corres 

pond to engine rpm 
4. dampen propeller pitch transients^ 



6-42. 



.6-43. 



6-44. 



6-45. 



•6-46. 



The magnitudes of the signal Input to the 
No. I winding of the magnetic modulator 
vary as a result of 

1. synchrophaser action 

2. '. reflected Impedance from the No. ,2 

wlildlng and the dummy load - > . 

,3. voltage changes In the Input to *Che 

' magnetic modulatot 
4. frequency changes In the, engine's 
. tachoniieter generator 

What Is the effect of a signal on the 
No. 1 winding of the magnetic modulator? 
1. The frequency of the pulse generator 

Is, changed 
2\ Propeller pitch Is changed 
3. The synchropha^ser is rendered less 

effective 

4^ Aircraft tachometer' generator spring 
tension Is decreased 

The signal to drive the servomotor In a. 
.direction to dampen dtlfts In engine rpm 
Is directly related to* the 

1. potential on C621 , . 

2. 'voltage on the collector of Q603 

3. changing output frequency of the 
tachometer generator 

4. amplitude of output signal from the 
anticipation pot 

In the normal governing mode, the mechani- 
cal governor rls aided In Its response to ' 
changes In power leyeV Siet tings and engine 
rpm by which sensitive clrcult(s)? 
l.> Speed derivative circuit only 
,2. Power lever anticipation- ciscnalt only 

3. Speed derivative and power lewr 
anticipation circuits ^ 

4. Alr(^raft tachometer circuit 

When the synchrophaslng mode of operation 
is used, all engines except the master 
engine operate with synchrophaslng, and 
the master engine operates with 

1. normal governing only. 

2. mechanical governing only 

3. normal and mechanical governing' 



0 



6-47. Which of the following is the. corj-ect 

sequence of events' Which r€»fl'ults In the 
-propellers of a synchrophaslng system 

* becoming synchronized? 

1. Slave pulses compare with master 
pulses error voltage!^ delivered 
to amplifier artd speed bias seirvomotor 

f simultaneously? 

2. P\|ises from ptopeller te^ to synchro- 
phaser ^ slave pulses compared with 
master pulses error voltages ^ 
delivered to ampllfHer amplifier 
output delivered to pilot valve 

3. Pulses froTta propellers fed to^aynchxo- 
phaser sjave pulses compared with 

^ • master pjilses error voltages fed . 

..A directly to 2-phase motor In 
*j servocontrol assembly v 

^ [ 4. Pulses fi::pm propellers fed to syiachro- 

phaser -> slave pulses compared with 
mastexD pulses -> error voltages 
delivered to amplifier,-*- speed b 
servomotor reactfs to amplifier si 
slave^'^^^glne spee<^ changes 

6-48. If the master prop^^er's"^^. 1, blade 
re^cl>es^,'t:he 12 o' clocK^altl^^ at the 
same tl^rfe' the slave prop*J\ler'a\No. 1 
v-v blade reaches the 6 o' clocK^s^sltl^n, 
- . phase ^ieilatlonshlp between theN^o \ 
"propeH^its Is said to be 
1. lea^ng 
. , 2. lagging 

3. .on^'phase . i. 

4. 1^5iiase 

6-49. Refer to figure 8-10.' Dur^lng a i^ibpeller 
i^nd«rspeed condition, V206A, e^^riences 
i which of the following lilput^v^ltage" 
changes? 

1. A suddqn^change |j;ota^..p£i^.t'lve to 

negative ^ ' i'l^^'^' ^ . ' 

2. A sudden change £rGmViieya.tive 
positive 

3: A slow change from posit^^et 
negative > -^^^ 

4. A slow change from nei^Jpi^ye t1 
positive 

^ ..' - 

6-50.. Correlate flgiM||flg5-i6 ani/i^jL^'j^^^ 

ure 8-13, the identlft^^^ as/ SlfeNAL^.- , 

SUMMING P0iin:^^4n!"'fe.4' trace J'^ flgure''8^ 
as the Input 

1. off-speed tu^fe, V206B ,. 

2. phase dlffjl^uce tube; V20^A <\ 

3. No. 2 winding of the dagnetlc 
- modulator " ' \ 

4..^ phase and trim control circuits ^ \i 

. ■ ^, ^> 
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6-51. 



« 4r 



6-52. 




Refer to ffgure 8-13 In aiTswe.rlng Items 
6-51 ^nd.6-52. ; 

Which of the following statements is cOr- 
rect concerning a condition in which this 
pha9e control potentiometer is adjusted" 
to cancel the phase difference voltage ^ 
at the summing point? . 

1. The slave propeller will assume master 
control 

2. The' slave propeller will operate with 
zero lag or lead 

3. The slafve propeller will operate 
independently of the master propeller 

4. The slave propeller will maintain a 
^ specific angle ^ with , the master pro- 

peiBler^^either zero.^ degrees 
specifi^d^lag or lead 
/ ' '• . ■• ' ' . ■ ' 
Zener diodes VH405 and yR408 fuhction to 
connect, the speed error' circuit to the 
sunraiing point ^hefc\* an q^ff-speed Condition 
exists. What Is their*^ function^ duri\ig 
an. On-speed cqnditlonZi * ' .t 
1. To isolate the spped error circuit'' 
from the summing point 
To. connect the spfeed error'* circuit to- 
ground' . . ' ' 

To preyent formation of tranisients* in- 




In answeriijiyitiftms 6-56 through 6-58, select from 
column 8k. the Sycot>able cause of each of the 
trtoi^bles listed in column A. ^ , ■ 

^. 5 • ' B 
* 'A: Troubles _ 



IJc<>b«ble 
"di'iires 



'6-56* ' Oscillations in engine 
• ^ ' speed in synchrophas|.ng 
or normal governing 

6-57. Erratic governing in 

synchrophasing mode or 
in normal governing 

6-58. One slave engine 

stays at onje speed 



6-59. 



^vir^^^^^^ fame; as during ac off- ^it ' 

^'sp^ii4-;cofid;ltion / ^ " * , 

masifer eneiiie eoes of f sTieed. 



. 9 



.;fWh«iever the ma/ifer engiiie goe^ off speed, 
^i^^^'A '- 'y^^^''^^^^^ proprleiLer ^peed can change by 
-v^;^'-'- iwhiit *maxi 

2. 2X 

3V 3% . * - " . 

4. 4% . " ■ ■ - - • 



6-54. 



^^.-^6-55:. 




What is^^he purpose of resynchropha^ing? 

1. To oVftrcora^e sma-ll^, errors of lead and 
lag affout 3' set poiiit 

2. To provide fo^-' antihunt by correcting 
for o^jj^jcshoo/^ ' ' 

^'3. JTojj^Jye thkffeedba^ and 

' °^ '^^^ error ^gnal 

?H$,f.^d^.(k)frect' for accumulated one- ^ 
^Hi^fection errors 

■ ' 

Refer to^able 8-2 in answering items 
6-5.5 throug^^a: . 

VJjiile in the^^nchrophasing Inode an under- 
speed condition pn^one of the engines is 
noted, but the pulse. inputs to the synchro- 
'^'phaser^ appear correct. "The problem is In 
"the . . - 

1. s^nchrophaser 
pul^e ^^ijlrator 
p^er flniVce 

speed* bl^s ^ervo as^mbly feedback 
''5pot?entiometer *r 



6-62. 



44 



r 



1. 



2. 



4. 



Poor Jlonneo-f 
tions 



Throttle 
le\^ switch 

Tachometer. 
gene^F^r 

Orten tir-cult 
br^ak^rs ' 



Learning Objective: Recognize names| 
functiojis, and operating and physical^ 
characteristics of propeller conwolv 
system components. ^ 

^- — ■ — • — - ^ : i_a£iL_' I - 

A minimum desired low-pitch blacl& angle- 
is maintained by a * ' 
1. magnetic latching assembly 

hydraulic lever assembly' ^ *>; • 

electrical solenoid assembly ' 
mechanical stop assembly 




What is the purpose of the Beta fol'lov^p 
stop? ' 

1. To provide a secondary* stop setting 

at 13** blade angle onl*y " . ..." 

2. To provide a secondary low-pitch stdp 

3. To prevent- negative-torque systein, ^ " | 
failure 

4. To, prevent minor reductions in bladie I, 
angle ^ . ■ . ' 

6-61. The pitchlock mechanism will automatically 
engage when rpm is grater than 10^.5% 
and when . . ; 

1. there is a loss of J^mtrol oil 
pressure 

2. blade pitch is less than 57 degrees 

at 405 knots ' ^ , ' ' 

3. the Beta followup system malfunctfioris y 

4. the pitdhlock governor hydraulic ' 
pressure exceeds 103.'5 psi ;* 



Pitchlock is blocked out betWeen blade 
angles of +57* and +86'' to permit 

1. rpm surges during approaches 

2. rpm Purges during landings 

3. reducing the blade angle for.takeoffs 
and landings 

4. reducing the blade angle for air 
starting 



ERIC 



-63. Placing the. fJieX governor fend pr^ftllg|f 
pitchlock test switch; iA TE;St po|t;(U^ 
will-result in' / • ^ ^v^' 

1. r^Qetting the blade ahftj.e to th<t.^ 
proper angle for an alx7#tfltt . .. 

2. an Increase in pitch • ^ ' ■ 

3. a momentary b lockout of the pitch 1^ 
mechanism . / ^ ' 'A ^."^ . 

4/ resetting propeller ^oryernbt M ] 
ground check pitchlockyf^ncti^hs 

, When needed, t1ie negative tot c^ue^ syj^t^ 
functions to ' • ; » ' ; *V ^ 



*-70. (a) The aiitofeather arming switch and. 
Si'; (b) the power lever quadrant switch 4&ust 

be in what condition to activate the , 
* thrust signal device to cause auto- 
' feathering? 



1 

2. 
"3. 
4. 



(a) closed 
(a) open 
(a) closed 
(»)^6^en 



6-71. 



-64. 



1. 
2. 
3. 

•4. 



g enera t e a nfega t iy e ,t P tcjUQ ' ■ ^' 
eliminate propeller cyisVin^t actio^^ 
increase blade angle ' a J : *: .i'^ 
'limit positive Jiors^pdWer 



6-65, 



Ixiid around the 



Th^ system that liiplts, nega^iVfe^ torque y 
whftn the negative t^Jlrqu? ^s^fiitfcm ffl^l^'' 
duilttg inflight unfeitlT:er;j^rt;^tlon 
calif d the ' . - > . 

1, NJS INOE yarning ajp^ejiii ^ 
^, 2, fei^ther-pqsitibi^ ac^ system 
\3, airitart "blad^^^n^ie syst^ /, 
^ 4^ emergency override/ ays teo^i^ . 

6-66.'<^Puming theietiglne eni|fgMicy sftiutdown 
: . handje is <?tA;,**^y of ,' 

1. Sdfofeath^ing ■ 
/ 2. un|featherifl|g' 

^ 3; initiating J^eather 

4. bypa^sit^.byd^aul" 
\ . f^th*r .V^lv.e 

err*?.* Wh^n^&ctuat^d^^^^^^^^ fifeather pump pressure 
^ ' cutout ovei^^lq^^ w^at to the 

fe^ther_pui^^^|e's8u?:f 
■'j^ 1. Bypasses it^ ^ ^ 

2. Opens: it ; 
. 3,;.^:^a3^^9«Bl.,i^^^\y ^J' ■ 

X ■ .. '^iW ■ ' 

65-68.. lii^h of the follo^ng statements is 
cibr?ect concerning t)ie feathering 

* '^it^ih^st v;; _ / ^ 

. 'h ' They are' guarded against inadvertent-^ 

i:'^ . 01 .^eratipns " ; 

3k ^> ^ch i« 'Moveable to NORMAL, FEATHER, 

K^Ch Contains an Indicator light? , 
•Alight in each iwitch illuminates 
when^t^ respective propeller is . 
Sieathered ' f .. • 



NOT 



(b) open 
(b) closed 
(l^ closed 
(b) open^ 

What is'indic^at^ when the four 
autof^atlier system Indicator lamps are . . 
illurfiSdted? 
. 1, AU> autofeather system^ are armed 
" 2. The autofeather system is malfunction- 
ing ' * 

3, One of the propellers is being 
automatically feathered 

4. All of thie propellers are ^eing 
automatically feathered 

6-72. What controls propeller blade V^^ch and 
engine fuel flow vhen the. power levers 
(^rottles) are between 0 and 34 degrees? 
1?" Prop governors^ control prop pitch and 

temp datum systoo controls engine 

fuel flow 

2. Synchrophaser system controls prop 
pitch and power levers control engi 
fuel flow ' ' '5.. 

3. Power levers control both blade pitch 
and engine fyel flow through hydro- 
mechanical linkage 

4. Temp datum system controls both blade 
/.. 'pitch and engine fuel flow through 

h^dromechanical linkage 

6-73. Wtilch of , the following actions directly 
r^^iuits in unfeathering the propeller? 
1- ^^iulling out on the feather switch 

2. Disarming autofeather 

3. Pushing in on the emergency engine - 
shutdown handle 

41 Pushing in on the feather switch 




6-69 



The%ut;omatlc feathering system is used 
duri^ng ' .* \ . » ' 

1^ takeoff s onl^ ^ ^ ■ 

2\i landit>gS on^ 
3. 9 takeoff s and landings only 
A. takeoff s, landings, and inflight 
emergencies 
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Assignment 7 

Power Plant and Aircraft Environmental Systems; Maintenance Techniques 



Text: Pages 243 



269 



Learning Objective: Recognize the 
purpose and principles of; operation 
of 'the cabin alr-condltloning and 
pressurlzatlon system, Including 
Its circuits and components, and 
Indicate effects of altitude changes 
on cabin pressure. 



7-1. The cabin alr-condltloning and pressurlza- 
tlon system maintains the cabin air temp- 
erAure and pressure at a comfortable and 
safe level by forcing which of the follow- 
ing airs through cockpit dlffusers? 

1. Hot engine bleed air and dehumidified 
refrigerated air 

2. Hot engine bleed air only 

' 3. Dehumidified refrigerated air only 
4. Ambient refrigerated air and humidified 
hot engine bleed air 

* 

7-2. Cabin air pressure is controlled by which 
of the 'following combinations? / 

1. A* safety ^alve and a manual dump con- 
trol only 

2. A pressure regulator and a safety valve 
only ^ 

3. - A manual dump control and a pressure 

regulator only ' I 

4. A manual dump control, a safety valve/ 
and a pre^ure regulator 



0 Refer to f4^ure 8-16 In answering Items 
7-3 through 7-5. 

7-3. With the cockpit switch In the ON position, 
desired cabin temperature Is maintained 
by which of the following? 

1. Variation In the opening of the ram air 
valve 

"2. Proportional amounts of ram air and 
* refrigerated air being mixed by the 
ram air valve 

3. Proportional amounts of ram air and 
engine hot air being^ mixed by the ram 
air vaJl^e 

4. PropcSftional amounts of engine hot air 
and-fref rigerated air being mixed by the 
* al temperature control valve 



7-4. With the cockpit switch in .t fie ON .position 
' opening and closing of the dual control 
valve may be controlled by a signal, from 
^ 1.- the cabin duct dual temperature 
' t sensor if the air supply's temperature 
.changes .. \ 
2. either the HOT or COLD contact of the 
MAN/.RAK AIR 'switch ^ 
. 3. the cabin temperature sensor when the 
MAN/RAM AIR swic^ch is on AUTO 
4. any of the above 

7-5. What are the conditions of the various^ 
valves when the cockpit switch is in the 
RAM AIR positiop? 

1. The dual temperature control valve is 
in the full HOT position, the cabin 
bleed air valve is closed,. and the 
cabin ram air vAlve is as selected 

by the MAN/RAM AIR switch 

2. ^ The dual temperature control valve, is 

as selected by ^the MAN/RAM AIR switch 
and the cabin ram air valve is closed 

3. Both dual temperature control valves 

. are closed and the cabin ram air valve 
is as selected by the MAN/RAM AIR 
switch " • 

• 4. Both dual temperature control valves 
are open and the cabin ram air valve 
' is as selected by' the MAN/RAM AIR 
switch 




7-6. Which of' the f ollowing^tateraents is cor- 
rect concerning cabin pressure at various 
altitudes? ■ 

1. Cabin pressure is maintained at sea 
level pressure at all» altitudes 
* ■ 2. Up to 8,000 feet cabin pressure is 

held at the 8,000 feet pressure, and 
above 8,000 feet a 5-psi- differential . 
is maintained between the cabin tmd 
ambient ][>ressuresv * * 

3. ' Up to' Q^, 000 feet cabin pressure is 
■ maintained at sea level pressure, and 
*' ^boyift 6,000 feet cabin preesure is 
hftld at the 8,000 feet pressure 
J 4. Up to 3,000 feet cabin pressure is the 

same ^^ambient -pressure; f above 8,000 
.;. .^eiit cabin pressure remains at the 
; 8,000 feeKpressure -until a differen- 
^ tial^of 5 psi exists V^tween cabin and 

ambient pressurtis, and beyond' Dtiis 
al/itude the pressure differential 
remains at 5 psi 'i ' . 

Under which . set '^of conditions will the 
right forward and ^.t equipment compart- 
ments receive moi^t;co61^d bleed air? 
1. Equipment cooling vaJ^Ve open, ram air 

valves oja^s temperature below 46° C 
1, Equipmen6"'C00ling valve open, ram air 

valves closed, temperature above 46°- C 
3. Equipment cooling valve closed, ram 
air Valves. open, temperature below 
46> C . 

Equipment cooling valve closed, ram 
ir valves open, temperature above 
C 



7-8.' 



7-7. 




^"^en an overpressurization occurs, the 
overpressure is dumped into what compart- 



ment (s)? / 

1. Luggage compartrpent _ 1 

Forward equipment compartment only 
Aft equi'pment compartment only 



2.. 
3i 
4. 



Forward and aft equipment compartments 



th answering items 7-9 through. 7-ll, select from 
.column B the function of each of the bridge cir- 
cuits listed in column A.^ 



A. Bridge 
Circuits 

7-9. Cabin temp 

7-10. Cabin duct 
limit 

>7-li; Cabin duct 
anticipator 



B. Functions 



1. Develops a dc voltage 
that overrides the 
cabin temperature 
br'idge .circuit in the. 
event that the cabin 
temperature exceeds 

. the set limit 

2. '' . Develops a dc voltage 

that^ controls^ the cabin 
temperature in the 
event th^t the- air 
inlet dcjgfc temperature 
' makes a ^dden change . ' 

3. Develops a dc voltage 
that' causes the cabin • 
temperature to hold 
around a preset level 



Develops a dc voltiag 
..that varies the aper 
ture size ^f the co 
pit diff users to 
control the .air flow 
rate. 




7-12. Refer to figure. 8-19. What is the purpose 
of T2 and the circuit formed by CR3 
through CR6? \ ■ 

1. To demodulate the dc error voltage 

2. To demodulate the ac^^rror voltage 

3. To dc modulate the ac error voltage 

4. To ac modulate the dc error voltage 

7-13. The voltage ^rom the feedback potentiometer 
in the cabin dual*" temperature control valve 
is used to ' ^ 

1. ^ cause the valve actuatlff motor speed to 

increase, giving more positive control 

of the temperature Regulation 
2' ensure that t"he error feedback signal 

to the modulator circuit is of the 

correct phase 

3. reduce the error voltage Once the valve 
actuator motor has starteci rotating 

4. accomplish all of the above 



Learning Objective: Recognize the super- 
visor's responsibilities in organizing, - 
supervising, and training. 
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7-14. Which of the f o-^lovdng shoi^Jld be your main 
objective us a .^jahb^p supervisor?" 
' 1. Maximt;:e p/''i^i(H (on; be^a fr lendl xi''_^ 
superytsor " ; 

2. Miniibi,::'^ costs; stagger work leads 
3^ Be a friend first; l\ bo^s second 
^ Maximize production nnd safety; mini- 

* ir'^' mize costs*, operate harmoniously 

« 

g;An effective trainlijg program is based on 
the assumption that personnel at all 
levels need continuous training because 
it will ' ~ 

^ 1. provide tet iiees'^with marketable » 
sicilis 

2. • en'suri? a lower turnover of t()ie most 
experienced workers 

3. provide outstanding divisional train- 
ing records for inspections 
assist in advancement examinations 
and increase divisional skill levels 



7-19. When arranging^ te4t benc'^ies in a proi)'^e<I' 
shop, a supetyisor should ensure that, they 

pepnanently instaJtled^quip- 

2. away from ^qufpment that cpiild cause 
ihtjjrference in te8ti,ng " .' 

3. cl6se Co the main entrance ^ 

4. in 4 space large enough f or.' 360-djegree 
bench access . ^ . 



7-20. 



7-21. 



7-16. 



In a well-organized shop, a "supervisor 
should delegate authority to subordinates 
because this will a'llow him 
1. more time for perfecting his specific", 
job-related skills 
more time to complete -self-study 
courses f^r pro£essional advancement " 
relief from on-the-job details and 
more time .'to. devote to supervision 
less responsibility for completed' jobs 



2, 
.3. 
4. 



7-22. 



Learning Ob jectijip: Identify desir- 
able layout charSct^ristics^ of^Wik- 
ing spaces, including equipment ^(k 
utilization, and recognize factors^ 
of safety training and :the supervi- 
sor's role therein. '^v'^ ^ 



7-23. 



V-17. 



WlUjch. of the following is most descriptive 
®f the primary objective to be attaifted in 



arranging a repai^r facility shop? 
1. Centralized tool storage 
. 2. Appearance 
V*3. Usefulness 

5. UtiXizatlorr of all Ctvrner J>paces 



7-24. 



7-18. 



0 



Assume that a new test bench has been • 
delivered to the avionics sFvop. WlUch 
of ithe following action? should the sHop 
supervisor take? . ' . ' 

1. Evaluate ..shop space and p LITE. 'the new 

test bench in the area which affords 

the most workspace 
^2. Evaluate shop space and rearrange: \ 

equipment to the extent necessary .\^ 

to. ensure total shop utilization 

3. .Place the n6w test bench in the gen- 

eraJL area of. other similar benches 

4. Lociiite t,he new test bench rt&ar che 
power inlet- t-6' the shop • , 



The mostv effective means a supervisor has 
for ensuring proper careand use of hand 
tools is to assign new personnel to \ 
1.. class A schools 



2. 
3. 
4. 



on-t^e-job training 
formal lectures 
after-hours instruction 



Aircraft -maintenance personnel should be 
thoroughly and continuously indoctrinated 
in safe w^rk habits and receive safety 
training because these programs are. 
essential to 

1. safe frying, safe mainl»enance, and ^ 
aircraft readiness 

2. maint^riance personnel safety 

3. flying personnel 'safety" 

4. aircraft readiness only 



High-qirality. maintenance is evidence that^^^, 
maintenance crews have 

1. excellei^t working conditions 

2. ^n abundance of persojinel v „ .• 

3. new and adequate tools 

4. good supervision 



A shop supervisor can work to reduc^ 
aviation maintenance, accidents by any 
or all of the following ways EXCEPT 

1. inspecting, i^ork areas and equipment? 

2. interpretin^safety dirfectiT^es f'orV^^ 
assigned personnel . . • 

3. recommending court-martials for minbr 
infractions of safety directives [• 

4. organizing and administering saf ety \ 
^- -pLograms *,p ^ ' , \ 

What areas used by squadrJns^ should tj^e 
avionics ^hop supervisors inspect for'the 
detection and correy:ion safety hazards? 
1.. Hangar and shop Ispaces and ^ool cribs 

2. , Shop an2f litie spaces and disposal 

facilities for inflammable materials 

3. Shop, hangar, and^line spaces and , , 
"<iisp^osal facilltlfEis for inflammable: ^ 

mater^-als ' ^» 

4. All /spaces pertinent to avionics work 
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-^_7-34. 



7-35. 



ERIC 



One advantage to the system of on-the-job 
training is that OJT 

1,. provides the supervisor a chance to 
showjiis expertise - 

2. allois for the completion of required 
maint*najiG«. as well as for training 

3. off orosthe/ supervisor moijfc time >for 
his own projects and study^ 

4. eliminates the necessity for maintain- 
ing training records 



Learning Objective: Recognize the 
supervisor's ro'^ in th^ planning 
and accompliolttjent of maintenance 
woi;k, and -identify maintenance 
practices and . troubleshooting 
procedures, including the use of 
references^ records, test equipment; 

NAVAIRSYSCOm^EPLANT/PACINST 1500.2' 
(Series) lists certain gih6rt coujrse6 
that emphasize troubleshooting^ alignment, 
specialized training, and bench work gn 
various aircraft" accessories . These 
courses are offered by 
1. ^ 
2. 
3. 
4. 



7-30. 



7-39. 



7-37. 



7-40. 



NAMTRABEX 
NAVAIREWORKFAC 
F^SOTRAGRU 
NAVAIRDEVCEN 



When a discrepancy report has been 
received, the supervisor who det^-rmines 
the best way to effect rep'airs* . ponsider- 
l,ng personnel assignments, necessary 
equipment, ^and priority, is in effect 
making which of the following? 

1. A job plan 

2. A job priority ' ■ 
\ \A coordination policy 

.4. A program integration plan 

Which of the '^folTbwing statements, concern- 
ing Service publications distributed by 
some afrcraft manufacturers is correct? 
1.. Compliance with tlje procedures out- 
lined therein is mandatory 

2. They are. used if a Maintenance 
Instructions Mantfal .(MIM) is not" 
readily available/ v 

3. They provide troubleshooting and 
servicing hints 

4. They provide a detailed parts break- 
down 



7-41. 
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A, supervisor can best 'gaii^ knowledge of 
the maintenance abilities and experience 
of his technicians by 

1. giving written and oral tests 

2. referring to their evaluation sheets 
in'/their service records 

.3.^ perfpfmin^"j5roper supervision of jobs 

4n PtogreSsv 
'4. che'fl^lng equipment history cards to 

determine reliability of repaired 
* equiptaents ' ^ 

Upon* job completion by the AE shop,' 
responsibility for ensuring that the work 
is inspected lies with the 
1. person performing the job 
" Lty assurance division 
"senior,^AE .in the work center 
^ raaint|jiahc;e contrt)l divisiori - 

Whiffh of the following statements' -is cor- ^ .' 
rect concerning the checkflight checklist 
used by aq-^Yg^izational activity? 

1. It i% made up locally and retained .* 
until completjLon of t^e Hext check*»y 
flight 

2.. It is printed and distributed by the 
operational commander arid retained for 
■ a minimum. of one calendar period 

3. It is promulgated by the type . ' 
commander and forwarded to him upon 
completion of the checkflight 

4. It is promulgated^lsy NAV^SfctRSYSCOM 
and retained by the activity for a 
minimum of six months upon completion 
of the checkflight \-' ' 

Performance testing dati^found in the * 
Maintenance Instructions Manual for a 
specif ic^ electrical equipment helps the 
electrician to perform all of the^follow- 
ing procedures EXCEPT - * 

make performance checks on the equip- / 
nient* , ■ * " 

2. determine if corrective maintenance^ , 
^Is needed 

3. determine If the equipment is oper- ^ 
At^ng properly , ^ , - " 

4. prder replacement patts for low-level 
items • ^ 



•■•V 



7-25. • Whin replacing a plug on a three-wire 
cord, you should ensure that the white 
' wire is connected to 
V': ,1. the 'bright terminal pnly 
2. the rpund terminal 
S. the natural brass-colored terminal 
only 

4. either the bright- or natural, brass- 
colored terminal 



7-29. 



7r26. 



7-27. 



7-^28, 



The three basic ^elements of an effective 
safety program simply stated are , 
1. publicity, training, and followup 

detection, enforcement, and punishment, 
stimulation, motivation, and punish^ 
ment. ' ^. ' ^ 
planning, participation, and predic- 
tion 



7-30. 



2. 
4. 



You have a^6w man checking" into your 
shop. When should yoi^ start "indoctri- 
nating him in shop safety? 

1. ' When you first notice his bad safety 
^ habits ^ . , 

2. As isoon as possible after he reports 
. for work^ 

At the first regular scheduled train- 
ing cl^afis _ ■ 

After he has. been assigned long, enough 
^to become familii^r with eqilipihent and 
prbcedures - > • - , 



7-31. 



3. 



4. 



7-32. 



In addition to requiriiig pach ^member of ^ 
the wdrk center to read new safety 
directives,^ the work ceriter^upervistir 
should review each "safety directive and 
.explain ifs significance to h/s' people 
because 

1. Navy Regulations requires . these 
^ pEQcedures ' \- ^ 

2. a safety directive will hi^ve'more 
significance if each crewmember is , 
aware of its particular application 

'to him ♦ li- • ■ ^ 

* 3. : safety "dirjBctives ar,e usually wrJ.tten 
in such ^aj.1- inclusive phraseology that 
interpretation by an experienced mem- - 
* ber is pieces sar^ . . 
4. oral •explanations ate double assurance 
that the crew is' aware th^t the *djrec- 
tive has been issued 



Learn iijsr Ob j 11^ t^l^^i Point' ;oup 
elements of~.^^^aini^g program 
f or-^electriCTOns, including 
cur^culum, ^teaching technt^ques 
and? miethods , aAd training, mate- 
ria and f ac^iitifis ava:ilable. 



7-33- 



CiXitifis 



Which of ' tfie ^following broad ^types of . 
electronics training should, be conducted 
for el<6ct:ric shop personnel? A program 
that includes . * • 

Ik general electi^ical subjects only ^ 
specific el4&c.^ica^ subjects only 
laboratoryi^jfy^ t|:«inlng in all 
electrical|p^^jMj.>'" . 
both gener^ l^a s|;ecif Ic electrical 
subjects ' . , • 



2. 

'3. 

4. 



What officer must ^approve the lesson plains 
developed by the shop supervisor? 

1. Comnanding offic^^r ^ 

2. Executive officer 

3. EducAtlon officer ^ . . 

4. Maintenance officer 

i A conscientious supeirw$sor yill find many 
Excellent suggestions for training methods. 
In the latest ^evisioa pf , 
1. Bibliograpliyi^f«r "Advancement Study, 

NAVEDpA 10052 ^ 
2.. Navy Enlidted Manpower and Personnel 
Classification and Oc.cupational' ^ 
Standards, RAvt'ERS 18068 

3, Manual for Navy Instructors, IfAVEDTRA 
107 1 

4. Aviation Electrician's Mate 3 & 2, 
NAVEDTRA 10348 ' " 

The principal reason f^r extr^^e thorough- 
ness in teaching a f un4ainent|il is. that 

1. when it is later applied in more 
advanced study, the trainee should 
experience little difficulty in < 
understanding its application 

2. the trainee w^llrbecome indoctrin£^ted 
into classrOon^ procedure 

3. discipline in a learning situation is 
achieved . ' 

4. after all the fundamentals have been 
taught, '^the trained can assemble them 
into integrated copcepts Jiri^hQut 
further instruction \' ■ • ^ 



In lieu of labc>ratory tra 
application of princip*les 
rooin typie instruction shd 
plished ^y haying the trS 
1. Simula ^ed^ia^intenance 

aids • . - ••■ . . V 

theore^tical mairitenaiice *on hypoth^tiV 
ca^ equipment 
actual j^intenance on 
^cjcual' n^intenance qn 
ecjuipmertt ^ 



2. 

3. 
4. 



Inihg, practical 
(taught in class- 
[id be acfcom- 
Inee perform. 
on training 



strain ing ai4s 
6pe]^tibhal 
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I _ ■ , ■ . , y - _ .. . ' . 

* • • . • . • . - * ■ - ■. • 

7-!-42. Whith grouping is most ixwilusiVe'of the 
advantages of keeping careful records of 
■ , ^ performance dat'd on electrical equipments? 
The. data may be used) in 

1. training main tei^nce. personnel, 

" detecting slow performance drifts, * 

making trend and](3^ses, .and maintain- 
ing equipment at desirable operating 
levels ^ / 

2. 'detecting slow ^performahc^ drifts i 
making trend analyses, and maintain- 
ing equipi^nt at desirable operating 
%els 

,^ mainti&nance' personnel, main- 
b|^2j^^pg equipment at desirable o^err 
"^^ "^ levels, and detecting slow 
ai}ce driift 
ting maintenance personnel pro- 
cedure "errors , making trend analyses, 
and detecting slow performance drifts 

7-43. The word systematic as appl^led to trouble-, 
shooting electronic equipment means 

1. elimination of unnecessary steps 
leading to the trouble area-, • followed 
by ^ rigid, step-rby^step progression 
through the trouble area 

2. a logical, step-by-step procedure 
whereby testing proceeds from end;. to 

^end in an undeviating progression 

3. a logical progression, whether or not 

' ' in dn undeviating step-by-step pro- • . 
cedure, to accomplish an end 
A. tasting of the equipment as a whole, ' 
■ j Or as. a complete system, so that all 
^ J^te^t results are visible slmult'ane- 
' ously - 

7-AA. • When^^ahould installed electrical equipment 
tliat ha^ b^en reported faulty be r^oved ^ 
for trench checking and troubleshooting? 
1. Only after a thorough visual inspec- 
tion has failed to reveal a possible 
cause of the trouble and it, has been 
^ .^'.determined that tlie power input is 
- proper ' ■ 

2^. Only after a thorough visual inspec- 
tion has failed to jreveal a possible 
, ^ cause of the trouble 

3.^ Only after it ^as been determined^hat 
the equipment i? in fact faulty and'i , 
3 cannot be repaired while installed 
4 ; As soon as a r^g^acement unit c^u be ^ 
{ ' installed. i ' < 

7-45. In a -gystematic approacIi^£b corrective 
' maintenance, which-of .the following best • 

describes the" logical sequence of trouble-' 
, ' shooting to be'followed. to isolate' the ^ 
' ^ trouble? ^ \ " . 

1. System, element?^ unit, stage 

2. Elj^ent, unit, 9tage, component 
3'. ^ System, unit, stag^, cd&ponent 

r 4. .''Stage, component, element, unit 



7-46. 



7-47. 



. Whi&n comparing voltages in electricar 
equipment with voltage readings listed 
on a chart, you should use a voltmeter 
of the siUne sensitivity as was used when 
the voltage chart' was made because' 
1*. the effects of meter. loadjLng will not - 
^haVe to be considered 

2. readings. on a meter of any othet 
sensitivity will be useless because 

<i ^they will not be the same as those 
on the chart ■ ' .'' 

3. , the loading effect,, of the m^ter 'will 
cause 'eaii^h circuit to which it is * 
applied to become inoperative 

4. the range selections on a mejter of any 
other sensitivity will not be the sanrec 

V , .as "tho^e on the meter use<d in making 
the chart ^ ^ \, 

When "you take ohrameter^ readings , Which of 
the, following actions is of paran^ount ■) 
importance to bhimneter protect ionT > 

1. Select a meter of; the>saine seiisitiyity 
as the one used in making the resist- 
ance ' chftrt . ' - ' / 

2. Ensure that power is not applied to ^ 
circuits when measurements , are .'being 
made .■ " ■ ... ^" * ■ -l' ^ ■ 

3. Ensure that a high meter scale is* 
selected fpr the intial rieoSing 

4. Disconnect ^filter capacitors that ^ 
^ ^are installed in the equipment to 

♦ be tested 

You are using an oscilloscope and you 
observe" th^t ^ way^tottn differs slightly 
from the ref erence ^faveform shown In^ the 
maintenance publication, ^nerally,. Jto 
*save time,.4*hich of the following should 
you do? * 

'1, Replace an associated "component to . 

C "improve the waveform . ^ 

2. Assume the oscilloscope i$ bad and 
. try another one. * 

. ' 3. Assume the test J^ds are bad and^' 
try another s^fif 
4. Consider the 'difference insifenif icarit 



Relative to wieapions systems, accomg/ishing^ 
component repair at the lowest mtflntenancer* 
' . level is intended tb have what eff on 

the weapons systems? ' 

1. Improve thieir cost effectiveness 

2. Increase their long-range capabilities 

3. Decrease their down time 

4. Shorten their repair cycle 

7-50. In orjder to repair miniaturized circuits 
and' coi^ponent&5 activities shduld have 
^ whiclirj|^>.'ti?e\ \ 

1. f^rrd^pot' level maintenance capability , 

2. .Spebl,i|lly trained personnel, and 

, cB*iifled facilities .■ ' / 

, -3. Specially trained personnel pnly" 

4. CertlfieH TacIlity capabilities ohl^^ • 
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Halntenanc^Technlgtiea; Test Eqaipment 
Text: Pagfes 270 297 ^. ' ' 



8-1. 



8-2. 



.8-3, 



Learning Obifectlve; Recdgnize the 
AE * 8 . need for? updated*^18f8w ledge ^of 
<ifavlngs and ilthematlcsy Including 
a tec hn Iqu e £ or working • w± t h . them. . 



Which of thep fpaijowliiig . statements ^is. ' 
c or r ec t c One em ing cbhnec t ii\g tea t e qu Ip- 
ment ,to trans^s^tors? , • '.] . • \' ^'y- 
1. Vpltage polarity makQs^^Mf fVenc 
but ^i>itage amplituda'jittBt, be /?pn-- 
. :'8ide?ce.^ ' T'H", •"' - 

2., ' Voltage amplitude makes *no difference, 
4jut voltage polarity must'^be considered 



t4. .The requirement for AEs' to learn inter^" 
'preta'tion of mechaniqal drawings has been 
necessitated largely by ' , , ^ 

1, ^^the^ixecissity for aircraft manufac-' * 
/^T^^T^^ t,6 locate electiTonic. equipment 
V/v^ i^ almoist inaccessible areas - 

2; iritegratied packaging techniques idiichi^^^:' 
V. ; « ';«nploy multiple-cable interconnectlonlsE^^ 
^ .3, tlieiadvent of more complex, electrjonic 
*^ ; , systems using compyterS ^nd other 

\; mechanical devices 
• 4; -schematics being drawn in blopk arid 
signal-;f low type diagrams '; 



8-5: 



Neither voltage amplitude ^o^lftpibage 
• polarity need Tje considered /^^^ f 
Both*voltage amplitude aixf voltaje 
polarity must "be cbnsider 



3, 



Which pf the following is liOT a valid ' 
reason why an AE shpuld keep ^breast of 
changes in dravlng^ symbols? . 

1. It ma^ be ftecessary tob draw a simpler 
verfiio^x>f a c6mpiica'ted drawing 

2. Trainiii^of subordinates requirdi^. him 
to be up-to-date in interpreting' 
drawings ^ ; . ^ 

3. H^. needs that ^knowledge in understand- 
ing the drawings with which'he comes 

" in contact^ ' * . " • - • , 

4. He Is required^to draw all divisional 
^ schematics „ t . ^x. 

i 

■ ■ ■< ■ ' ' . 

Standard electrical symbols^ for use by the 
Department of Defense are listed in 

1. ' OPNAVINST 5442 " ' 

2. y^^5VAIR Ol-lA-505^ , ^ - 
3r NAVAIR 00-8OT-79^Tt ' v . , 



8-6. 



An AE can of ten make a circuit schematic 
more understandable by redrawing it and- 
,QBtltt^g much of the detail* ' Such pro- 
cedures are called^' . ^ 

1. simplTifying ' , . ' . 

2, reduction • 
3^ fundamental i-t ing * 

4. s.ectionalizatlon- ' . ^ * _ 



~ ' • . ] - 

'Learning Objective: Recognize main- ' 
tenancy problems related to altitude 
and climatic conditiqus, and identify 
methods and devices used in control-. 
WAg those. problems. 



^t high altitudes, the^possibility of arc- 
over in connectors is reducTed by sealing 
them » with 

1. glyptal ■ , ^ 

2 . Varnish ' / •* 

3. *; potting compound - 

4 . epoxy 
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8-7. An AE checking over an NC-5 powerplant 8-11. 
? Veceives.a shock when he comes in contact 

with one of the insulated spark plug' leads. 
* Inspection of the lead fails to reveal any 
breaks in the insulation. What conclusion 
should he draw about this condition? 

1. The properties of the insulation have 
changed as a consequence of heat, and 

Mt no longer acts as an insulator 

2, One of the spark plugs is failing to 
fire * 

3. The insulation has absoi*bed moisture • 
and no longer acts as an insulator 

4, Ignition voltage is too high 8-12. 

8-8, One way of minimizing condensation within 
equipment that operates under varying 
conditions of altitude and climate is by 

1. maintaining the interior temperature 
of iihe equipment higher than the temp- 
erature of the surrounding atmosphere * 8-13. 

2. providing good ventilation .for the' ' 
equipment 

3. placing porous bags filled with silica- 
gel inside the equipment * 

4. treating the inside surfaces of the 
equipment with an anticondensation 
compound 

8-9. Fungus forms rdadily in conditions of 

1, high temperature and low humidity 

2. low temperature and low humidity 

3, low temperature and high humidity 

4. high temperature and high humidity 



8-14. 



8-15. 



8-10. Which of the following statements con- 
cerning corrosion in battery compartments 
and surrounding areas is correct? 

1. Corrosion in these areas can be elim- 
inated by use of outside vents and 
overboard drains 

2. Corrosion in these areas can be elim- 
inated by applying a protective coat 
of lacquer or varnish over the battery 
container 

3. /Corrosion cannot be eliminated in these 

areas because electrolytic fumes 
spread and cause corrosion on unpro- 
tected surfaces 

4. Use of conventional corrosion treat- 
ments can eliminate all corrosion in 
these areas 



Learning Objective: "Recognize various 
types of radio noises and the methods 
and devices used in controlling them, 
including filter characteristics. 



In order for an AE to take action on 
correcting radio noises, he should have 
a knowledge of all' the following EXCEPT 

1. what radio interference is and how 
to identify it 

2. ^where the interference originates and 

how it gets info the equipment 

3. * how to segregate the paths of noise 

entry into a receiver and how to 
suppress noise at its source 

4. magnetic anomaly detection and meas- 
urement 

Interference caused by atmospheric static 
is minimized in equipment employing 

1. single-jsideband modulation Q ' ^ 

2 , pulse .modulation 

3r 'fre^quency modulation r 
4. amplitude modulation 

Discharge wicking is installed on aircraft 
to reduce interference from 

1. precipitation static 

2. manmade noise 

3. atmospheric static 

4. audio-frequency hum ^ 

An AE*s major concern with precipitation 
static is usually that of 

1. cause 

2 . suppression 

3. elimination 

4. identification 

In a generator, the main soured* of radio 
interference .ig the 

1 . brushes 

2. .stator 

3. rotor 

4 . bearings 



8-16. 



8-17. 



[nation ia 



What method of interference, eliminat 
the only suitable means of preventing' 
radio interference' from aircraft ignition 
systems? 

1. Insulating all rad^o antennas 

2. 'Using filters at th6 inputs to radio i' 

receivers 

3. Enclosing all ignition ■ components in 
metal shielding 

Ofieatlng antennas so that induction^ 
ofjjitse frejquencles- is at a minimum - 



4. 



What' is most likely {f\e nature of elec- 
trical interference that is caused by a . 
properly adjusted^p^rbbn-pile regulator? 
^»1. -Thermal agitation 

2. Orregular arcing > 

3. Regular arcing 

4. Ac (lum ^ 
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8*«18, What is the simplest jand most practical 
method for reduction of inteff erence 
caused by marmuide radio *'ri|piise? *, . ^ 
.1, Shielding of r^ceivi^ng equipment 

2. Isolation of. npi^e *ourcl&s. , 

3. Bonding of i^^sulated par<:^*bf the 
aircraft structure ^ < 

4. Filtering of c^otmnuofca.tion-equipment 
power lines * * / 

i I " . • . 

8-19. Proper shield t^g'^eftps prevent radio- - . 
frequency'^iaterfer^n^e by .\ , 

1. dis^^ating the . noise radiatipn in 
» the form of low-'f requency energy 
.2. confining .the noise'^ad iatioh within 
filter networks t 
. .confining the noise ra.diation within*^' 
the enclosure surrounding the sour^ce 
of the* noise energy , ' * 

dissipating the noise radiation in 
the form of ^high-frequency energy 



8-20. ■ Xhe low-pass. filter is designed to atten- 
. uate which fjrequencie6? 

■ 1.' Those freqxiencies equal to the cutoff 

frequency ' ' 

* 2-.'^ frequencies above the cutoff 

Vfrequency ' ^ 

3. *1tll frequencies below the cutoff 

frequency ^ ' , o" <» 

4. All^ freqirencie's^ above and below the 
. " cutoff .frequency • ' \. - ' 

0 Refer to figure 8A in answering items 

8-21. through 8-23 , 'The \figure showS the 
•approximate characteristics of various t^pes of 
filters. The symbol fc repres^ts the fre- 
quencies Xcalle'd cutoff frequencies) at' which, 
the attenuation changes rapidly. 



(A) 



PASSES ALL FREQUENCIES 
IN THIS SECTION 



/ 



FREQUENCY 



ATTENUATES ALL 
FREQUENCIES IN 
THIS SECTION 



(B) 



ATTENUATES ALL 
FREQUENCIES IN 
THIS SECTION 




PASSES ALL FREQUENCIES 
N THIS StCTIO>J 



iVREOUENCY 



iC) 



ATTENUATES ALL 
FREQUENCIES IN 
THIS SECTION 



PASSES ALL FREQUENCIES 
IN THIS SECTION 




ATTENUATES ALL 
FREQUENCIES IN 
THIS SECTION 



FREQUENCY 



ID) 



PASSES. ALL FREQUENCIES 
IN THESE SECTIONS 




FREQUENCY 



ATTENUATE^ ALl. 
FREQUENCIES IN' 
THIS SECTlOfi 



Figure , 8A; — Fillter responsV'curves 
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;8~21» ,An aircraft intercom system is experienc- 
ing 400-Hz interference from the air- 
« craft's power system. What filter 

characteristic shown in the figure would 
. be best for removftig^tl^is 400-Hz inter- 
, f erence? 
1..- Type a', with f^ equal to ,400 Hz 

2. - Type B,. with fc equal to A20 Hz 

3. Type C, with fcl equal to 200 Hz and 
♦ofc2 equal, to 4000 Hz 

■ 4. *T^pe D, with fcl equal to. 380 Hz and 
^20 rfz \ 



ination filter attenuates 
■ that are. 



petating rang^ of the 



8-22. The band-eliri 
all fjrequencie 

1. above -the 
' filter 

2. .below the operating range pf the 

- filtei^^ '/'^. 
^ 3. above or belo.w the operating range , 

' ' ^of. the,.f i]^ter V : *' ,. 

4. within the operating range of the 

filter /. ' / ; , ' 

• ■ / ' - ' . ■ ' : • 

8-23. It, is necessary to incorporate in the 
antenna circuit of a receiver a filter 
that will reject allr frequencies except 
the narrow band of operating frequencies 
tnonpally received by the equipment. 
What filter characteristic shown in the' 
figure is most suitable for this purpose? 

1. A. • 

2. B ' . > 

3. C 

4. D . , 

8-24. Capacitors are mosti^popularly used as 
filters because 

1. .of their small size 

2 . of their small expense 

3. of their high breakdown voltage 
characteristics 

4. load current does not pass through " 
them 



Learning Objective: Recognize design 
characteristics and operating prin- 
ciples of phase angle and differen- 
tial voltmeters, including their 
Operational advantages, and identify 
internal voltage and current values 
which occur during operational 
adjustment of the differential 
voltmeter . 



8-25^ Meters, oscilloscopes, and . signal gen- 
^ators are classified as what type of, 
»test sets? 

^1. Versatile avionics shop 

2. Intermediate lev^l . 
3* GeneraX purpose ^ » 
4. Special purpose 

8-26. How does the phase angle voltmeter excel . 
over the oscilloscope in the measurement 
of phase angles or phase shift between ^ . 
voltages? The phase angle voltmeter 
^ „ measures ^ * 

1. larger angles, and eliminates 
, harmonics 

'.^ 2. the sine and cosine of angles and ' 

''^ • phase shifts , . ^ 

3. smaller angles, and greatlv/arctentfates 
'harmonics " 

. 4. the characteristics of h«nnonic8 in 

relation to the fundamental frequency 



0 Refer to figure lO'-l in ansv 
8-27 through 8-29. 



ing items 



8-27. The reference input signal ckn.be phase 
shifted to what pointsa of thi^ cycle? " 

1. O."* and 90** only / 

2. 90'* and 180** only 

3. Any point in the 360** cycle 
.4. 0**, go**, 180**, and 270** only 

i * 1 

8-28. The ami>litude:^of the. output from thg phase 

det^ector is* calculated to be th^yajlplitude 

of the ' ' ■ 

1. referen^' signal minus the amplitude 

« of the input signal ) 

2. input, signal 'tlm^s the amplitude of 
the reference signkl 

»*• 3. reference signal times the cosine of 
* the phase angle. between the two 
injlWh signals • ^ 

4. input signal times the cosine of the 
phase angle between the two input 
signals 

8-29. Most me£ers are set to provide quadrature 
indication rather than in phase or 180** 
out of phase indication because 
1. amplitude difference does not influ- 
"'^ ence the reading . 

2-. amplitude difference as well as phase 
'*dlff^ence is indicated^ 

3. the needle's rate 9f movement Is 
slower when the phase angle is 90** 

4. 'the needle's rate of movement is 

faster when the phase angle is 90** 
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Item.s 8-30 through' 8-34 pertain to tiie ^'V^J'i^^^^^^ 



-31. 



8-32. 



8-33. 



8-3A. 



different i^^l..voltmeter . 

Wliat niethod is employed, in the vo^ltmeter 
CO Vdetermine the v^iiue' of an unknown V% • 



voltage? ^ 

\, A switdUln^ .virrangement permiC*Sf 

switching between' the unknown i?oltago 
V and test-set vdltacc so -that identn^^l 
{ meter def lec tions^an ^e Observed 
^2^ A ywitching arran^ment permits the 
'■ unknown voltage to*bti read onHi3(;ttt,^.^ ... 
side of a center>-*zero* me ter , 'wlro J^the,^^^ 



'test-^eC balancing volt^^e tp .be ' 
read, on t^he other side 



.3. 



The unknown voltage is balanced out 
by voltage suppliod by the test'set» 
and the -valut? of test-set voltage 
thus required is read from dials. 
The unknown voltage is balanced out 
by voltage supplied by the test set, 
and the valine of test,-^set \^oltage 
thus required is read from a jmetei?" 



Refer to figure 10-4 in answering items 
.^-31 and 8-32. - ■ ' ' 

How much of the refere'hce vcfltage is used 

when switch S2E is placed in the 50V, A. C. 

position? 

r: 0.5 volt dc. 

2. -5.0 volts dc . 

3. 50.0 volte dc 

4. 500.0 volts dc 

• ■ ^ ■ 

Uhat is the ^i'ghes to voltage that can be 
selected by switch S8 when'S2E is in the 
500V, D.C. position and all other switches 
are adjusted to select maximum voltage? 

1. 0.0001 V 

2. " 0.01 V ^ 

3. 0.1 V , ' ' 

4. i.o'v ' ' 

Unlike the convent ionaK VtVM, the dif-* 
ferential voltmeter, places no load on. 
'the circuit being tested because 
1. the instrument presents an input ' ■ . 

impedance of 10 megohms ' 
*'2 . the meter operates on the induction 

• pr^inciple and draws no current 
3. current drawn from the circuit bein^ • 
tested is ciiiculated back to the 
•/ circuit _ . . 

'.4.^ no qurren-t is drawn from the cit^cuit 
. .A. being tested when the meter shows 
zero; reading 

Beforfe being applied to the converter 
afaplifier, all ac voltages above 5 volts- 
are reduced to 5 volts by the action of 

1 . attenuators 

2. voltage dividers 

3. voltage regulators 
A. • capi^citor choppers 



8-316 




8-38. 



8-39. 



I.eaj'inng 0% jeut Ivo : Identify the 
^en'cra V operat in^^ fea tares and 
t!av:ihi-fi^tios (vf inej'luk(5 Model - 
■ ^ilOOA . (1 i ti\X mui'^bie tc^r . • ' 



WHlc-h^ot" the fo^l lowing'" is NOT standard 
foaeur^> of tirl"" digital g;ui t ime ter?* 
1.^ it hay as,siilGctabl.i. input filter . ' 
.Jtifes a fuYl four-»digit readout • 
It^r'o'perates from eitho^ 115 voltfe-or 
230 vt)lts . ' ' \ r ^'i 

It wvll^measure a maximum .of . 2 , 000 •'' 
volts 'acc dc^^ '< • 



%2 
4". 



;^ln thjL' dc volts section, at which. of the^ 

following ' levels of voltage will the 
multimete'r likoly sustain damage? 

.1. ;.l»4e0. yol,ts- ... . ^- ' 

. 2'.\ >, ji$?ft7vol t s n; * - 

3, 1 ,000 'volts -5 , 

' 4'. 6(J() volts ! 

With a frequen'cy between 50 Hz and 10 kHz, 
wha^t percent of acctlracy may be expected 
of the multimeter's ac volts section? 



0.0005%, 
0 . 01% 
0.05% 



^If a 9^000rohm resistdi^is measured on 
the lOk. rangcy yhe_ inffil. terminals will 
have which of tUe* fy&llowing voltages 
impresstid? ; ' . 

1. 1.00 V . . . 

2. .^.vOO v[ r ■ / 

3. 0.90 V-' . - 

4. 0.09 •V • ^ ■ . 



Learning Objective:' , IdeVitify^ oper- 
ating principles and capabilit :^es of 
time-domain ref le'ctometry (TDR) * 
equipment ^ -and ^intelrprei^.' TDR scbpe 
presentations. * ' ^ 



Time-domaiti ref lectometry . (TDR) Ls 
particularly useful to th^ AE in\anal| 
ing which of the following? 
1. Oxj^gen and f uel ^quaAt ity 
2 . Flap posit ion and la^nd'ing geai( position 
3. Oil pressure and temperature' 

indicators " 
.4. Airspeed and, alt 4. rude indicators 
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<^ ^ • complecting the course, fill out the lower part of .this 

^ , page- and enclose it with your las,t set of seM-scored 

vVk ^ . answer i sheets . Be sure mailing addresses are complet^^. 
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' \ [ Development Center. " ' 
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A, FINAL QUESTION 
with* the course? 



at di-d you think of « thig 'couijf e? Of' the text ♦ mater lase^^' 
ints* and recommendatioias rece'ivjsd from eni*ollees hava been 



What 
Commer 

a major source^o'f course improvement V You and you:?: .command are urg^d to submit your 
construc'ti\re critici-sms and your recohanendatdions'l ^his teaif-out form letter is 
provided for yout convenience. Typewrite ' if * possible , but legible handwriting is 
acceptable. I - • ' ^ * ' ' , , . \ 



From: 



Date 



- ZIP CODE . \ 



slppk^ent 



t:o: Naval Education and Training Program 'Develppment' Center (PD7) ' /" ♦ 

Building 922 / - . ■ " ' , ■ ' 

• Pensacolav Florida 32509 ' ' ' ' . ' 

Sub j : Comments on course and text, for Aviation Ei^ctriciaji's Mate 1 & C . ' NAVEDTRA 

10349-D ' ■■ ^ . * 

1. The following comments are hereby submitted: ' j- 
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